PART MENT OGY 
te) AND ERIE COUNTY PUBLIC LIBRARY 


ENGINEERING 


EVIEW OF CURRENT AND FUTURE TRENDS IN AIRCRAFT - MISSILES - ROCKETS - SATELLITES - SPACECRAFT 


AS TO ADMINISTER 


W. Hill SPACE TRANSPORTATION AWARD... p. 32 


t. to 
icer, 
icer, 
trier A x 
‘> 
ork- 
Vpn, m Ww 
© 
ICAL 
& 
win- 
‘ilot; 
Six 
ngr. 
len” 
1. of 
| 


Bobsleds are 


. » . compared to supersonic test sleds like 
these. In firings that duplicate the mur- 
derous accelerations and decelerations of 
space missiles, a#@a#a checks out complex 
systems of incredible precision and deli- 
cacy: airborne digital computers. . . in- 
ertial navigation equipment . . . and other 
top secret apparatus. 


bassinets 


Such systems— designed, tested and pro- 
duced by 4@afa—have won ARMA an 
enviable reputation for leadership in ad- 
vanced electronic and electro-mechanical 
equipment of utmost reliability. amasa... 
Garden City, New York .. . A Division of 
American Bosch Arma Corporation. 
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NOW READY: : 


: THE SUREST ANSWER TO 


DESIGNED TO MEET THE EXTREME REQUIREMENTS OF SUPERSONIC 
AIRCRAFT — THE GOODYEAR CAPSULE PROVIDES RECOVERY 
CAPABILITY FROM OFF-THE-DECK TO THE MAXIMUM OPERATIONAL 
ALTITUDE AND MACH NUMBER. HERE ARE THE FACTS: 


Human Engineered to fill requirements of single and 
multicrew aircraft without exceeding present-day ejec- 
tion seat installation envelope. 


Rigid, sealed, and pressurized to protect the crewman 
from extreme temperatures and windblasts exceeding a 
ton per square foot. 


Minimum drag area to reduce deceleration loads on the 
crewman to within proved human tolerances. 


An integrated stabilization and recovery system, auto- 
matically sequenced at the instant of ejection to position 
the capsule in the optimum trim attitude. 


: ONE OF THE PRIME CAPABILITIES OF 


AIRCRAFT 


Flotation capability after a water landing—and under- 
water escape potential from ditched aircraft. 


Complete global survival equipment protected within 
the capsule structure—yet readily accessible after descent 
to earth. 


' This escape capsule has been designed to meet Air Force 


and Navy requirements. It is ready now to meet yours, 
in present and future aircraft designs. 


WRITE: Goodyear Aircraft Corporation, Dept. 916 FV, 
Akron 15, Ohio. 
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On our cover 


McDonnell Aircraft Corporation's F4H-1, the Navy's first supersonic 
two-place (includes radar operator) twin-jet fighter, is said to have 
the longest range and greatest fire power of any Navy fighter. It will 
carry air-to-air missiles and also ts capable of conventional and nu- 
clear bomb delivery. The aircraft, which recently completed its 65th 
test flight, is powered by two General Electric J79 engines of 15,000 
lbs. thrust each. All-weather day or night operation at above Mach 2 
speeds is reported by McDonnell. Outstanding contributions to the 
plane's development were made by two IAS Members: Albert Utsch, 
Chief Engineer, Airplane Engineering Division, and Herman D, 
Barkey, Senior Project Engineer. A tail view of the F4H at left 
shows its complement of missiles. AE 
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Featured in this issue 


Oxcart to Spaceship (Editorial) 
IAS selected to administer the Louis W. Hill Space Transportation Award. 


Aerothermoelasticity 


".. . one can appreciate the magnitude of the effort that will be required 
of present and future structural research.” 


Departure and Return in Interplanetary Flight 


Two methods for terminating the return trip have been suggested. The 
author finds both “‘inferior.”” 


Loss of Torsional Stiffness Under Load 


Flutter analyses up to now have assumed no change in torsional stiffness, 
or that change was negligible. 


Design Considerations for BLC STOL Airplanes 


The author recommends more work on basic suction and blowing 
configurations. 


Reliability Achievement and Demonstration in a Development Program 


There is a widely held belief that system reliability can be achieved best 
by adequate component testing, but... 


Departments 


IAS News Notes 83 International Abstracts 
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Oct. 7-8 
Nov. 6-7 
Dec. 17 
1959 
Jan. 26-29 
Mar. 5-6 
15-18 
Oct. 5-16 
Oct. 29-31 


MAURICE ROY (F), Director, l'Office National d'Etudes 
met de Recherches Aeronautiques (ONERA), will give the 

Wright Brothers Lecture in Washington, D. C., Dec. 17. 
Mr. Roy was ICAS Executive Committee Chairman. His 
talk will cover French researchin aerothermoelasticity, 
materials, structural flutter, combustion, air intake at 
Bupersonic speeds, experiments with ram-jets at high 
altitude, high lift devices, dynamic stability of aircraft 


and missiles, and the form and visualization of certain 
types of flow. 


October 1958 


$5, 000-$10,000 SPACE AWARD, News on the largest monetary 
award for scientific achievementavailable throughany scientific 
society may be found in the editorial on page 32 in this issue, 


NEW EDITOR of Aero/Space Engineering is Allan Bernhardt, 
Formerly Associate Editor, he succeeds Welman A. Shrader, 


who will devote full time to duties as Director of all LAS publi- 
cations, 


WILLIAM LITTLEWOOD, 1957 IAS American Honorary Fellow, was named the 


Daniel Guggenheim Medal winner for 1958. He is Vice-President - Equipment 
} Research of American Airlines. 


The story appears on page 25 of this issue. 


A SPECIAL 8-page pictorial story onthe ICAS Congress in Ma- 
drid, September 8-13, will be featured in the November issue of 
Aero/Space Engineering. 


NATIONAL MEETINGS CALENDAR 


Canadian Aeronautical Institute-IAS Joint Meeting, Chateau Laurier, 
Ottawa, Canada. 


National Specialist Meeting on Dynamics and Aeroelasticity, Texas 
Hotel, Ft. Worth. Sponsored by Texas Section, 
Wright Brothers Lecture, Natural History Building Auditorium, 


Smithsonian Institution, Washington, D. C. French aeronautical 
research will be discussed by Maurice Roy. 


Twenty-Seventh Annual Meeting, Astor Hotel, New York. Honors 
Night Dinner, Tuesday, January 27. 

Flight Propulsion Meeting (Classified), Hotel Carter, Cleveland. 
National Summer Meeting, Los Angeles, California. 

Seventh Anglo-American Aeronautical Conference, New York,N, Y. 
National Midwestern Meeting, Wichita, Kansas, 
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1AS News Notes (Con't.) 


THE FIFTH ANNUAL EDITION of first-prize papers by IAS Student Members 
has been published by the Institute through the MINTA MARTIN AERONAUTICAL 
STUDENT FUND, The 127-page volume, "1958 First Award Papers," contains 
1l top technical papers given at this year's IAS Regional Student Conferences. 
The volume has been mailed to Sections, Student Branches, Faculty Advisors, 
and Corporate Member Representatives. Individual requests for copies will be 
honored while a limited supply lasts. 


WORTH $7,300 over a two-year period, the IAS FLIGHT TEST 
ENGINEERING FELLOWSHIP is open to U.S. citizens who have 
a Bachelor's degree in engineering by June 1959. For applica- 
tions, write: Flight Test, IAS, 2 E. 64th Street, New York 21, 
New York. See next month's magazine for more details. 
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Oct. 14 
Oct. 14 
Oct. 16 
Oct. - 21 
Oct; 22 
Oct. 24 
Oct. 28 
Apr. 5-10 
May 25-27 
June 11-13 


SECTION MEETINGS CALENDAR 


Wichita: Dinner Meeting, McConnell AFB Officers Club. (Social 
at 6:30, dinner at 7.) "Methods of Upper Air Research Using Bal- 
loons" by R. A. Carlson. 

Baltimore: Classified Meeting, Westinghouse Air Arm Division, 
dinner at 6:30, lecture at 8. "ARPA and the Military Space Pro- 
gram" by H. F. York. 

Los Angeles: Specialist Meeting, LAS Building, 8 p.m. "Electri- 
cal Power in the Space Age" by J. H. Huth. 
Tulsa: Dinner Meeting, Alvin Plaza Hotel. (Social at 6:30, dinner 
at 7.) "Celestial Mechanics Involved in a Lunar Impact" by G. C. 
Goldbaum. 

Los Angeles: Dinner Meeting, IAS Building. (Social at 6, dinner 
at 7.) "Technical Management Problems Associated with ‘Aircraft, 
Missile, and Satellite Programs" by Edgar Schmued. 

Washington: Dinner Meeting and Air Show, Davidson Field, Ft. 
Belvoir. (Social at 6, dinner at 7:30.) "The Army's Air Mobility 
Program" by Brig. Gen. Richard D. Meyer, USA. 

Chicago: ''Operational Problems of Jet Aircraft'' - time and place 
to be announced. 

Texas: Dinner Meeting, Western Hills Inn, Highway 183. (Social 
at 7, dinner at 8.) ''Tactical Air Command" by H. Reese Ivey. 
Los Angeles: Specialist Meeting, IAS Building,8 p.m. ''The Physi- 
cal Mechanism of Boundary-Layer Oscillation" by R. Betchov. 


JOINT MEETINGS CALENDAR 


1959 Nuclear Congress, Municipal Auditorium, Cleveland. 
National Telemetering Conference, Cosmopolitan Hotel, Denver. 
Sponsored by IAS, ARS, ISA, and AIEE. 

1959 Heat Transfer and Fluid Mechanics Institute, University of 
California, Los Angeles. Cosponsored by IAS. 
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News 


. . arecord of people and events of interest to Institute Members 


Zero to Infinity” Keynotes 
National Summer Meeting 


| HE 1958 National Summer Meeting drew some 1,400 members to 3 days of 
technical sessions and an all-day field trip in Los Angeles, Calif., July 8 through 
11. The meeting emphasized the wide range of the aeronautical profession’s in- 


terests and responsibilities in the flight 
spectrum from “zero to infinity.” 

A total of 17 technical sessions were 
held simultaneously over the first 3 days 
and 2 evenings at the Ambassador Hotel. 
Three of the sessions were classified 
Confidential, and three were Secret. 

The meeting, which featured 71 
speakers and drew a record registration 
of 1,366, covered commercial and mili- 
tary aircraft, missiles, space flight, and 
engineering and scientific education. 
Two luncheons with major speakers, the 
banquet, and a visit to the Douglas Long 
Beach Division for a tour of DC-8 pro- 
duction facilities and a display of tur- 
bine transports rounded out the pro- 
gram. 

Technical subjects included aerody- 
namics, structures, electronics, propul- 
sion, and test facilities. The complete 
development stories of the Thor missile, 
the Convair B-58 supersonic bomber, 
and the Lockheed JetStar were pre- 
sented. There also were sessions on 
astronautical education, the role of 
management in aeronautical progress, 


and the current status of commercial 
turbine transports. 

The opening-day luncheon speaker, 
July 8, was Dr. Frederick E. Terman, 
Provost and former Dean of Engineer- 
ing, Stanford University. Dr. Terman, 
speaking on “Trends in Engineering 
Education,” cited the relatively recent 
increase in the number of college- 
trained engineers who continue for ad- 
vanced degrees. 

Proposed changes in the top manage- 
ment structure of the Defense Depart- 
ment’s research and development effort 
were outlined by Richard E. Horner, 
Assistant Secretary of the Air Force for 
Research and Development. He de- 
livered the luncheon address on July 9. 

After the technical sessions, a capacity 
audience of more than 900 attended the 
banquet in the Ambassador’s Cocoanut 
Grove on July 10. Principal banquet 
speaker was Dr. H. Guyford Stever, 
Chairman, NACA Special Committee on 
Space Technology, and an IAS Vice- 
President. In his talk, “‘A Space Tech- 


nology Program for America,” Dr. 
Stever put the space exploration efforts 
of this country in historical, political, 
and economic perspective, with the aims 
and needs of mankind. A _ principal 
point of his discussion was that the 
aeronautical industry must and can as- 
sume a dominant role in the conquest of 
space. 

On July 11, 400 members visited 
Douglas Aircraft Company’s DC-8 pro- 
duction facilities and a display of com- 
mercial turbine transports. The group 
was welcomed by Donald W. Douglas, 
Jr., President, Douglas Aircraft Co. 

Much of the credit for the success of 
the meeting goes to the IAS Los An- 
geles Section, chairmanned by M. Carl 
Haddon, and the IAS Western Region 
Staff, managed by E. W. Robischon. 
Los Angeles section members who con- 
tributed to the meeting include C. R. 
Cantrell, Chairman, Summer Meeting 
Committee; Program Chairman D. A. 
Justice; H. R. Saffell, Chairman, Se- 
curity Committee; and E. W. Thrall, 
Chairman, Membership Committee. 
The classified sessions were cosponsored 
by the ARDC Regional Office in Los 
Angeles, commanded by Col. E. O. Ney 
and represented by Don Darling and 
Kurt Raynesford. The session on astro- 
nautical education was cosponsored by 
the American Society of Engineering 
Education, Aeronautical Division, chair- 
manned by Major V. S. Haneman, Air 
Force Institute of Technology. 
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A new aio in ae INERTIAL NAVIGATION SYSTEMS 


Bell has outstanding opportunities for experienced engineers and scientists 
in the following areas: 


@ Inertial navigation system analysis and design 

@ Design and evaluation of gyros and accelerometers 

@ Airborne digital computer application 

© Inertial test equipment development and design 

@ Transistorizing of analogue and pulse circuitry 

@ Advanced design and packaging 

Assignments embrace a high level of design and development problems. 

Learn about the personal opportunities and unexcelled benefits now available 
to you on this challenging program. Send resume of your qualifications to: 


Supervisor of Engineering Employment, Dept. A-51, BELL AIRCRAFT 
CORPORATION, P. O. Box One, Buffalo 5, New York. 


Niagara Frontier Division 
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A pane! discussion on Economic, Sociological, and Technological Factors of Space Exploration was undertaken by the scientists seated 
left to right: A. C. Hall, D. N. Michael, Morton Alperin, Homer J. Stewart, and Theodore von Karman. 


200 Expected, 650 Show at ‘Local’ Space Meeting 


Meeting Sponsored by IAS San Diego Section, ARS, and ARDC Draws National Interest 


M... than doubling anticipated at- 
tendance, about 659 aero/space scientists 
and engineers attended a 2-day Space Ex- 
ploration Regional Meeting in San Diego, 
August 5, 6. Sponsors were the IAS San 
Diego Section, its ARS counterpart, and 
the USAF Air Research and Development 
Command. 

Though planned to interest some 200 
local members of the societies and ARDC 
personnel, registrants appeared from all 
over the nation. Highlights included a 
panel discussion on Economic, Sociological, 
and Technological Factors of Space Ex- 
ploration. Three technical sessions fea- 
tured 18 papers. 

Panel members were Theodore von 
Karman, AGARD; Homer J. Stewart, 
California Institute of Technology; Mor- 
ton Alperin, AFOSR; D. N. Michael, 
Dunlap and Associates; A. C. Hall, The 
Martin Co.; and C. L. Critchfield (moder- 
ator) of Convair. They answered in 
many ways ‘‘Why go in for space flight?” 
and, in general, speculated on its impact 
upon man and his way of life. 

E. R. van Driest, North American Avia- 
tion Missile Development Division, 
chaired the August 5 afternoon session at 
which the following papers were heard: 

“Materials for Space Flight” by G. A. 
Hoffman, The RAND Corp. Dr. Hoff- 
man concluded that material strength close 
to atomic bond strength could be obtained 
by using nearly perfect crystal filaments, 
or ‘‘whiskers.”” If ways can be devised 
for both fabricating metal whiskers and in- 
corporating them into structures, it will be 
possible to reduce airframe structure 
weights by up to 80 per cent. 

“A Review of the Current Status of 
Satellite Attitude Control” by R. E. 
Roberson, North American Autonetics 
Division. Dr. Roberson reviewed the 


Mr. Dorrance is Assistant to the Di- 
rector of Scientific Research, Convair 
Division, General Dynamics Corp. 


characteristics of several satellite attitude 
control systems. The physical bases for 
the systems are well established, he said, 
but much needs to be done with specific 
satellite applications. 

“Space Propulsion Systems’ by M. U. 
Clauser, The Ramo-Wooldridge Corp. 
Dr. Clauser discussed implications in the 
development of ion rockets and rockets 
whose gases are heated by fission reactors 
and thermonuclear reactions. 

“‘Power Supply Problems in Ion Propul- 
sion” by A. L. Heubner and R. H. Boden, 
North American Rocketdyne Division. 
The implications of using various liquid 
metals as heat exchange fluids in nuclear- 
powered ion rockets and the cooling radia- 
tor size problem and its relation to reactor 
power output were discussed by Dr. 
Huebner. 

“Measurements on Explorers I and III” 
by Phyllis Buwalda, Caltech Jet Propul- 
sion Laboratory. Mrs. Buwalda reported 
on the intense radiation found at altitudes 
above 600 miles. 

‘Application of Relativity in the Deter- 
mination of Trajectories of Space Ve- 
hicles—Part I, Gravitational Shift” by A. 
R. Hockstim, Convair. Clocks on space- 
ships will beat at a different rate from 
clocks on earth, therefore, radio signals 
from earth will arrive at the spaceship and 
be measured at different frequencies than 
those at which they were transmitted on 
earth. If the frequency of transmission 
had been agreed upon, then the spaceship- 
measured frequency shaft isa measure of 
the spaceship position in the gravitational 
field. 

‘‘Antenna Problems in Space Communi- 
cations’ by M. G. Chatelain, Convair. 
A metallic spiral printed on the surface of 
a plastic balloon, used as a dipole or slot 
antenna, was suggested by Dr. Chatelain 
to economize in weight and maximize fre- 
quency bandwidth. There always would 
be a turn of the spiral corresponding to the 
incoming wavelength wave, he said. 
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“Accuracy Requirements for Trajec- 
tories in the Earth-Moon System” by H. 
A. Lieske, The RAND Corp. He dis- 
cussed the precision navigation problem 
of choosing appropriate trajectories for 
vehicles leaving earth, circling the moon, 
and returning to earth. ; 

Krafft A. Ehricke, Convair, moderated 
the August 6 morning session at which the 
following classified papers were read: 
“The Air Force Rocket Engine Program’”’ 
by Co). D. D. McKee, Director, Astro- 
nautics, HQ ARDC; ‘‘The X-15 Research 
Airplane Program” by W. C. Williams, 
NACA High Speed Flight Station; ‘‘Space 
Exploration Plans’ by J. DeNike, The 
Martin Co.; ‘Aspects of the Exploration 
of Mars and Venus by Means of Artificial 
Comets” by K. A. Ehricke; and ‘‘Navy 
Research Leading to Space Exploration” 
by Rear Adm. J. T. Hayward, Assistant 
Chief, Naval Operations, R&D. 

John E. Naugle, Senior Staff Scientist, 
Convair Scientific Research Laboratory, 
chaired the August 6 afternoon session 
where the following papers were read: 


“A New Concept in Flight Simulation”’ 
by J. D. Hardy, M.D., Naval Air De- 
velopment Center. Dr. Hardy described 
results of tests on pilots ‘‘flying” in a 
simulated cockpit mounted on a 50-ft. 
centrifuge that is programed through pre- 
scribed loads by a tie-in with an analog 
computer. 

“Radiation Effects on Living Tissue” by 
J. E. Cook, D.V.M., Holloman AFB. Dr. 
Cook described the use of mice in cap- 
sules lifted to 80,000 ft. to study effects 
of cosmic radiation on nerves and tissue. 
The impact of low-energy heavy nucleii 
(carbon through iron) upon living flesh 
and blood has been studied by the Air 
Force since 1953 in an attempt to gather 
conclusive statistical evidence. 

“Closed Ecological Systems”’ by Lt. B. 
Pinc, ARDC Bio-Astronautics. Lieuten- 
ant Pine discussed the many ramifications 
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LMEE’S airborne GENDARME 


One or many, in clouds or clutter... nothing will elude 

GENDARME, LMEE’s new *Airborne Early Warning and Con- 

trol radar. New AMT! (Airborne Moving Target Indication) 

and Pulse Compression techniques sharply curtail sea 

~g«™ Clutter, improve target detection. New “built-in” height 

ee finding provides a truly 3-D search system. New data G E N E ik A L (96) E LE CTRIt 
processing methods insure completely automatic opera- 

tion. For further news on LMEE’s detection developments LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 

write for brochure: “Airborne Detection ...in Search of FRENCH ROAD, UTICA, NEW YORK 

Time,” Dept. 7E. 


A DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISIO 
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of the effects of space environment upon 
man. 

“Profile of Manned Space Flight’ by 
C. M. Whitlock, M.D. Dr. Whitlock 
systematically analyzed the environment 
to which a space man will be exposed and, 
using this data, determined those ground 
test facilities best suited to test man in that 
environment. 

“Radiation Intensity in Space’ by 
Chairman Naugle. Dr. Naugle concluded 
the meeting with a review of the findings 
of an intense radiation region above 600 
miles altitude. 

The unclassified sessions were held at 
the Marine Corps Recruit Depot audi- 
torium; the classified session and banquet 
took place at the El Cortez Hotel. Meet- 
ing General Chairman Richard Linnell and 
his colleagues were responsible for the 
successful program. 


William Littlewood to Receive 
1958 Guggenheim Medal 


The Institute’s 1957 American Honor- 
ary Fellow has been named recipient of 
The Daniel Guggenheim Medal for 1958. 
William Littlewood, Vice-President of 
Equipment Research, American Airlines, 
Inc., was the unanimous selection of the 
Medal Board of Award. : 

Mr. Littlewood receives the distin- 
guished honor ‘‘for leadership and continu- 
ous personal participation over a quarter 
of a century in developing the equipment 
and operating techniques of air transport.”’ 

Recognized as a leading air transport 
engineer, he has made basic contributions 
to many widely used commercial aircraft. 
His career in aviation began in 1927 with 
Fairchild Aircraft where he became Gen- 
eral Manager. He joined American Air- 
ways in 1930, and, when the firm was 
reorganized in 1934 as American Airlines, 
he remained to become Chief Engineer 3 
years later. 

Mr. Littlewood is a member of the 
NACA Industry Consulting Committee 


®and the ATA Engineering Committee, 


and he is also Chairman of the joint Com- 
mittee on the Development of Proximity 


William Littlewood 


An Aero/Space Engineering feature 
on personnel of the Institute of the 
Aeronautical Sciences 


Marjorie Rode— 
“<Miss Institute’’ 


Marjorie Rodé joined the full-time staff 
of the Institute 17 years ago, at a time 
when its employees numbered but a frac- 
tion of the current work force. Today, 
she is Secretary and personal assistant to 
Institute Director S. Paul Johnston. 

Miss Rodé became an employee in 1941 
and performed general secretarial duties 
for the succeeding 3 years. In 1944, she 
became Secretary to the late Lester D. 
Gardner, who founded the Institute in 
1932. 

On Major Gardner’s retirement in 1946, 
the present Director asked Miss Rodé to 
continue working in the same capacity. 
Her duties have grown with the Institute. 
She is, in effect, the Director’s adminis- 
trative assistant and also looks after cer- 
tain personnel functions. 

By far the most widely known and most 
traveled personality among Institute ‘‘dis- 
taffers,’’ Miss Rodé has assisted with great 
tact and charm at many IAS national and 
regional meetings. Hers are the delicate 
tasks involving invitation lists and reserva- 


tions—keeping track not only of ‘‘who’s 
who” but ‘‘who’s where!’’ 

In recent years, with broadening of IAS 
interests on the International level, Miss 
Rodé’s rare abilities in working with and 
among members of the scientific commu- 
nity have taken her all over this country, 
and occasionally abroad. Through her 
tact and skill, she made many new friends 
for the Institute during the huge Fifth In- 
ternational Aeronautical Conference in Los 
Angeles in 1955. She has served also at 
AGARD assemblies in Europe and in the 
United States. As this is being written, 
she is assisting with the First International 
Congress in the Aeronautical Sciences in 
Madrid, Spain (September 8-13). 

A veritable storehouse of useful informa- 
tion about the IAS and its programs, Miss 
Rodé’s devotion to the Society, its mem- 
bers, and its principles of service has won 
for her the titke—bestowed with fondness 
by those who know—‘‘Miss Institute of 
the Aeronautica! Sciences.”’—A.B. 


Warning and Collision Preventing Sys- 
tems. He also serves as Chairman, Advi- 
sory Panel on Aeronautics, Office of the 
Assistant Secretary of Defense (Research 
and Engineering). 

The Guggenheim Medal is given an- 
nually by The Daniel Guggenheim Medal 
Fund, Inc., to honor persons who make 
notable achievements in the advancement 
of aeronautics. Presentation is sponsored 
by one of three societies: the IAS, ASME, 
or SAE. 


AGARD to Discuss Impact of 
Space on NATO R&D 


The Advisory Group for Aeronautical 
Research and Development (AGARD) 
will hold its Eighth General Assembly at 
Copenhagen, Denmark, on October 28. A 
round-table discussion on ‘‘The Impact of 
Space Technology on NATO Research 
and Development’’—scheduled for the 
afternoon session—will highlight the meet- 
ing. 

The impact of space flight on environ- 
ment, materials, communications, and 
medicine will be analyzed by leading 
figures in these fields. 


October 1958 


In addition, three AGARD panels— 
Combustion and Propulsion, Wind Tunnel, 
and Flight Test— will cosponsor a tech- 
nical meeting on ‘‘Engine Test Facilities 
and Techniques”? on October 23 and 24, 
also in Copenhagen. 

This program calls for a consideration of 
propulsion system test requirements, ways 
of obtaining high-altitude test conditions, 
and papers on instrumentation and 
measurements of steady-state and transient 
conditions. The second day will be de- 
voted to papers on scaling, component 
testing, engine flight testing, and, finally, 
to a paper on correlation of results ob-- 
tained by all these methods. 

After the panel meetings, distinguished 
representatives of Denmark and other 
NATO nations will present greetings to 
start off the General Assembly. 


Navy Confers Award 
on J. C. Hunsaker 


Jerome C. Hunsaker (HF), Professor 
Emeritus, Massachusetts Institute of 
Technology, has been presented with the 
Navy’s highest civilian award, the Distin- 
guished Public Service Award. (Cont'd.) 
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reliable 
pneumatics| 
unlimited 


You can count on the reliability of 
Janitrol pneumatic controls for 
good reasons: 


They are backed by a top-flight 
engineering organization equipped with 
the most advanced high-altitude test 
facilities for pneumatics and 

related hardware. 


They are serving an impressive list 

of applications: B-58, RB-66, CF-105 
(Mark I and IT), C-130B, C-133, CL-2f 
A3D, F-9F8, F-11F, F-105E, P6M, 
Regulus II and the Goose missile. 


A proposal for regulators or controls 
is backed by the same assurance of 
reliability as our proposal for your 
complete aircraft or missile pneumatic 
sub-system. Janitrol has the manpower, 
the know-how, the hardware, and the 
strength to deliver as promised. Your 
Janitrol representative welcomes 

the chance to meet with you. 


Janitrol Aircraft Division 
Surface Combustion Corporation 
4200 Surface Drive 

Columbus 4, Ohio 
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A 1908 graduate of the Naval Academy, 
first in his class, Dr. Hunsaker was honored 
for ‘outstanding contributions . . . in the 
fields of scientific research and develop- 
ment.” 


The award was presented by Garrison 
Norton, Assistant Secretary of the Navy 
for Air, in the presence of Thomas S. 
Gates, Secretary of the Navy, Adm. A. A. 
Burke, Chief of Naval Operations, R. 
McPate, Marine Corps Commandant, and 
others. 


Dr. Hunsaker has received other awards, 
including the Navy Cross, the RAeS Gold 
Medal, Guggenheim Medal, and the Presi- 
dential Medal of Merit. 


Aviation Medicine 
Symposium Planned 


The Fourth Annual Symposium in Avi- 
ation Medicine will be held at the Uni- 
versity of California, October 22-24. The 
symposium is sponsored by the School of 
Medicine and the Department of Continu- 
ing Education in Medicine. 


IAS members may obtain program in- 
formation by writing to Mrs. Bettie 
Minifie, Assistant Head, Continuing Edu- 
cation in Medicine and Health Sciences, 
University of California, Los Angeles 24, 
Calif. 


Air Force Honors F. E. Moskovics 


The highest civilian honor of the Air 
Force was recently given to an IAS mem- 
ber for his contributions to the B-52 and 
J-57 programs. 

Fredrick E. Moskovics (M) was pre- 
sented with the Exceptional Civilian Serv- 
ice Award for his work as Special Con- 
sultant to the Commander, Air Materiel 
Command, from February, 1952, to June, 
1954. He is an Industrial Consultant for 
A. O. Smith Corp. 

Mr. Moskovie’s citation reads, 
“Through his special studies of the B-52 
and J-57 programs, he recommended pro- 
duction methods and materials which en- 
abled manufacture in mass production at 
reasonable costs and estimated costs which 
were of vital importance in budgeting Air 
Force funds.’’ The award was signed by 
James H. Douglas, Secretary of the Air 
Force. 

Mr. Moskovies received the award at a 
luncheon held at the Engineer’s Club, 
New York City. 


Doolittle Heads Space Laboratories 


James H. Doolittle (HF), a former IAS 
President, will become Board Chairman of 
Space Technology Laboratories, according 
to an announcement from the parent 
company, The Ramo-Wooldridge Corp. 


General R. W. Rawlings (right), Commander, 
Air Materiel Command, presents the Air Force 
Exceptional Civilian Service Award to Fredrick 
E. Moskovics. 


He will take office on next January 1 when 
the Laboratories become a separate corpo- 
ration. 

The announcement said that Mr. Doo- 
little will continue as a member of the 
Board of Shell Oil Co. but will retire as a 
Vice-President of that company. 


William 


William F. Durand, an Honorary Fel- 
low of the Institute who has been called 
the ‘‘dean of American engineering,’’ died 
in New. York on August 10 at the age of 
99. 

Dr. Durand was a major contributor to 
the sciences of hydrodynamics and aero- 
dynamics for a period of 75 years. 

The basic theories of propeller design 
were formulated by him, and he was the 
first scientist to conduct experimental re- 
search on propellers. 

He was one of the original members of 
the NACA in 1915 and was Chairman 
during World War I. At the beginning of 
World War II, he was called out of retire- 
ment—at 82 years of age—to organize 
industry for the development of the jet 
engine and to head a special NACA com- 
mittee for jet propulsion research. 

Dr. Durand was graduated with honors 
from the U.S. Naval Academy in 1880. 
At that time, the Academy did not award 
degrees, however in September, 1956, he 
received a Bachelor of Science degree—75 
years after his graduation. 

He served in the Navy for 7 years and in 
1887 began a 37-year span as an educator. 
He taught at Michigan State, Cornell, and 
Stanford, where he “retired’’ in 1924, at 
the age of 65. At 68, he undertook his 
massive and definitive work ‘‘Aerody- 
namic Theory,” a six volume compilation 


Necrology 


Durand 


of the principles that control air and other 
gases in motion. During this same period, 
he also wrote a biography of Robert Henry 
Thurston, a pioneer in engineering educa- 
tion. 

He also was interested in steam and hy- 
draulic power and was a consultant in the 
design of the Hoover, Grand Coulee, and 


William F. Durand 
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Shasta Dams of the U.S. Bureau of 
Reclamation. 

Dr. Durand was the first American in- 
vited by the Royal Aeronautical Society 
to deliver its Wilbur Wright Lecture. He 
also was the first recipient of the Wright 
Brothers Memorial Trophy, awarded by 
the National Aeronautic Association for 
“significant public service of enduring 
value to aviation in the United States.” 

He received many other outstanding 
honors including the Guggenheim Medal, 
one of the highest, for ‘‘notable achieve- 
ment as a pioneer in laboratory research 
and theory of aeronautics and for dis- 
tinguished contribution to the theory and 
development of aircraft propellers.” 

He received the Franklin Institute’s 
Medal, the John J. Carty gold medal of 
the National Academy of Sciences, the 
ASME gold medal, and in 1948, the 
Presidential Medal of Merit, the highest 
civilian honor conferred by the U.S. 

Dr. Durand was born March 5, 1859, at 
Beacon Falls, Conn. 


Iven C. Kincheloe, Jr. 


The Institute has received news of the 
death of Capt. Iven C. Kincheloe, Jr., 
USAF, (A), 1956 Mackay Trophy winner 
and one of three pilots scheduled to fly the 
X-15. The 30-year old Korean War ace 
was killed on July 26 in an F-104 take-off 
crash at Edwards AFB, Calif. 

Holder of the American altitude record, 
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FORCE 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. 


SARGENT Manufacturing ™ SARGENT Hydraulic Pumps 
FACILITIES —including— BUILDS Hydraulic Motors 
Pneumatic Cylinders 
Research Machining & Grinding |= Servo-Systems Pneumatic Valves 
Design Heat Treating, alltypes | Hydraulic Systems Ball Screw Actuators 
Development Plating, all types _ Integrated Packages Gear Actuators 
Testing Inspection | Hydraulic Actuators Gear Accessory Boxes 
Qualifying Assembly ie Hydraulic Vaives Electronic Systems 


Since 1920 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 
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126,200 ft. in the Bell X-2, Captain 
Kincheloe was an aeronautical engineering 
graduate of Purdue University. He 
entered the Air Force from the Air Re- 
serve Officers Training Corps program at 
Purdue and received his wings in 1949. 
He flew 101 combat missions in Korea 
during 1951 and 1952, becoming the tenth 
jet ace there and destroying eleven Com- 
munist planes. His medals include the 
Silver Star, Distinguished Flying Cross 
with oak-leaf cluster, and four air medals. 

Less than a week after his death the Air 
Force announced the establishment of a 
scholarship fund at Purdue in his honor. 
The scholarships will be for basic research 
in aeronautics and astronautics. 


James A. Looney 


The Institute has learned of the death 
of Ist Lt. James A. Looney (A), an Air 
Force Flight-Test Engineer at Edwards 
AFB, Calif. He was 29. 

Lt. Looney was the project etigineer in 
charge of setup, performance, and evalua- 
tion of flight-test programs. 

He was graduated from Massachusetts 
Institute of Technology with a B.S. in 
aeronautical engineering in 1952. He re- 
ceived his M.S. degree from M.I.T. a year 
later. 

Born in Philadelphia, Pa., he made his 
home in West Roxbury, Mass. 


Jurio Tsuchiya 


The Institute has received news of the 
death of Jurio Tsuchiya (M) on June 28. 
Mr. Tsuchiya, 35, had been Research 
Aerodynamicist, Aerophysics Department, 
Mississippi State University. 

His research contributions include high 
lift through distributed suction boundary- 
layer control, programing for a digital 
computer, Imai’s method for pressure dis- 
tribution, several technical papers on this 
subject, and a paper on programing von 
Karman’s method for pressure distribution 
on a body of revolution. 

Mr. Tsuchiya received a Master of 
Mechanical Engineering degree from Kyoto 
University in 1945. He was an assistant 
in the Kyoto Mechanical Engineering 
Department for a year before becoming 
lecturer and finally Professor of Engineer- 
ing at Shiga Prefectural College. He held 
this post until 1950. In that year and 
until 1954, he was a Research Fellow on 
the staff at Shiga. 

He came to Mississippi State in 1954 to 
do research in the dynamics of real fluids. 
Last January he received a Master’s de- 
gree in Mathematics from that school. 

Besides being affiliated with the IAS, he 
was also a member of the Soaring Society 
of America, Society of Aeronautical Engi- 
neering of Japan, and the Japanese Insti- 
tute of Mechanical Engineers. 


Attention Members! 


All members of the Institute are 
invited to submit material concerning 
their activities for publication in the 

ews’ columns of Aero/Space 
Engineering. 


tas News 


News of Members 


Kenneth P. Bowen (M) has joined The 
Sierracin Corp. of Burbank, Calif. as 
Assistant to General Manager. He for- 
merly was Vice-President, Manufacturing 
and Materiel, Northrop Aircraft Co. 

Thomas Courtney Jr., (M) has joined 
Temco Aircraft Corp. as Chief Project En- 
gineer. He formerly was Project En- 
gineer, Guided Missile Division, McDon- 
nell Aircraft Corp. He also has served on 
the Institute’s Advisory Board. 

Kenneth F. Hallinan (A), formerly 
Manager, Defense Products Sales, Ameri- 
can Machine & Foundry Co., has been ap- 
pointed Sales Manager, Western Region, 
AMF’s Government Products Group. 

James E. Hayes (M), formerly Senior 
Structure Engineer in the Research and 
Analytical Methods Group, Convair—Fort 
Worth, is now with the University of 
Oklahoma Research Institute as Research 
Engineer, specializing in fatigue of metals 
and structures. 

Howard M. McCoy (AF) has been 
named Assistant to the Executive Vice- 
President, Marquardt Aircraft Co. He 
formerly was the Washington Representa- 
tive, Propeller Division, Curtiss-Wright 
Corp. 

George F. Metcalf (AF) has been elected 
to the newly created office of Regional 
Vice-President—Washington Defence Ac- 
tivities, General Electric Co. He for- 
merly was General Manager, Missile and 
Ordnance Systems Department, Phila- 
delphia, Pa. 

Angelo Miele (M), Purdue University, 
has delivered a lecture on “Lagrange 
Multipliers and Quasi-Steady Flight Me- 
chanics”’ at the Institut fiir Flugmechanik 


ias News 


Eugene M. Gluhareff (M), President, E. Glu- 
hareff Helicopter Corp., is shown tether-testing 
his firm's single-blade helicopter, the MEG-1X. 
Mr. Gluhareff reports the experimental, pro- 
pane-fueled vehicle is powered by a tip-jet 
engine. The firm recently moved from Man- 
hattan Beach to Palm Springs Airport, Calif. 


of the Deutsche Versuchsanstalt fiir Luft- 
fahrt, at Miilheim, Germany. 

Adm. James S. Russell (F) has been 
sworn in as Vice-Chief of Naval Opera- 
tions. He formerly was Deputy CINC 
and Chief of Staff, Atlantic Fleet. 

Walter R. Woodward (M) has been ad- 
vanced from Chief Engineer to Director of 
Engineering at Dynametrics Corp., Bur- 
lington, Mass. 


Corporate Member News 


@ Aerojet-General Corp. has announced 
the election of six vice-presidents: Bern- 
hardt L. Dorman, Test Engineering; 
Richard D. Geckler, Solid Rocket Plant, 
Sacramento, Calif.; William I. Gore, 
Customer Relations; Chester A. Hill, 
Assistant Treasurer; William L. Rogers, 
Azusa Operations; and John S. Warfel, 
Avionics. The firm also announced that a 
new field service office has been estab- 
lished at Douglas Aircraft Co., Tulsa, 
Okla., with R. L. Lobo assigned as Resi- 
dent Representative in charge of all Thor- 
Able Program operations with which 
Aerojet is involved. 


e Aeronca Manufacturing Corp. has an- 
nounced the appointment of John Schwinn 
as Assistant to the President. 


e Aeroquip Corp. has opened a new 
10,000-sq.ft. plant and offices at Dallas for 
assembly, proof test, and inspection of hose 
assemblies. Roger H. Leuba has been 
named Manager, Aircraft Operations, and 
Clyde Stratton, Plant Manager. Address 
is 9105 Sovereign Row, P.O. Box 35463, 


Dallas, Tex. The firm also announced the 
appointments of Robert W. Bowman as 
corporate Vice-President in charge of or- 
ganization planning, and Fred W. Schwier 
as General Sales Manager, Jackson Divi- 
sion. 

e Allis-Chalmers Manufacturing Co. has 
announced the following appointments: 
Y. S. Bogg, Manager, Tampa, Fla., dis- 
trict office; Ralph L. Haney, Manager, 
Philadelphia district office; and Charles E. 
Dandois, Manager, Allentown, Pa., dis- 
trict office. The firm also announced for- 
mation of district offices at Miami and 
Jacksonville. 

e@ Aluminum Co. of America reports that 
the largest application of aluminum in the 
United States will be in the construction of 
the Air Force Academy which will use more 
than 5 million Ibs. of the metal when com- 
pleted. 


e American Airlines, Inc., has announced 

that orders for 50 additional jet airliners 

have been placed: 25 Boeing 707-023 and 
(Continued on page 110) 
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It takes 
precision 


equipment 


to solve 
many 


problems 
= of flight. 


Rohr is famous for being first with the latest 

manufacturing tools to solve production problems of many 
aircraft parts. And when there is no special machine 

to mass produce a special part . . . Rohr is first in 
knowledge and know-how to design and build or adapt 
machines to make components better, faster and cheaper. 


Just one of the reasons Rohr, today, is the 


WORLD’S LARGEST PRODUCER 
OF COMPONENTS FOR FLIGHT 


AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIDE, CALIF.: 
: ASSEMBLY PLANTS: WINDER, GA.; AUBURN, WASH. 
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Engineering and Scientific Briefs from Correspondents Around the Globe 
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U.S.S.R. Scientists Work 
on Unique Memory Device 


@ An article in Promyshlenno-Ekono- 
micheskaya Gazeta for January 19, 
1958, announces that U.S.S.R. scien- 
tists are working on the development of 
a new type of large-capacity memory 
device operating on the same principle 
as the human brain. In the article, 
L. Gutenmakher, Doctor of Technical 
Sciences and a U.S.S.R. pioneer in the 
development of computing machines, 
states that “...our scientists are at- 
tempting to develop a ‘machine mem- 
ory’ which would possess the same 
properties (as the human brain) and 
which can store about the same volume 
of information and produce it according 
to the principle of the association of 
ideas.”’ The type of the electronic 
device is not disclosed. The only 
descriptive details given are that it 
“has no mechanically moving parts 
and, in contrast to magnetic tape, 
films, or gramophone records, can 
reproduce a recording without mechani- 
cal displacement of the machine’s 
parts. This makes it possible to re- 
produce a recording unlimited 
number of times, even for a hundred 
years.”’ The main purpose of the new 


memory machine appears to be, not . 


the storing of intermediate results of 
computations, but rather permanent 
storage and a fast read-out of the vast 
amount of information accumulated in 
human experience and contained in 
“hundreds of millions of books.” 

The article states that results of the 
latest U.S.S.R. works indicate that a 
machine called ‘‘telelibrary’’ (tele- 
biblioteka) will be developed which can 
be used simultaneously by numerous 
subscribers directly from their homes 
or offices. It appears probable that 
this device is some kind of electronic 
large-capacity memory having rapid 
selection and read-out combined with 
Wire-operated television. Gutenmak- 
her mentions that in June, 1957, an 
experiment was performed whereby 
several pages of text, recorded by the 
long-time ‘machine memory,” were 
transmitted from one Moscow district 
to another by the city automatic-tele- 
phone network. “On the television 
Screen,’ he says, “it was possible to 
read the sharp image of the text.” The- 
oretically, by simply typing the title 


of a book on a keyboard, the future 
subscriber will receive almost instan- 
taneously, either visually or orally, the 
desired information from the text. The 
machine will not only store information, 
it is said, but it will also be able to 
“ask for help’? from incorporated 
computing devices which would solve, 
by logic, on the basis of stored informa- 
tion, certain problems related to the 
question. Special high-speed ma- 
chines will be necessary for processing 
the information in books, magazines, 
and archives into the form suitable for 
use by the “‘machine memory.” 

Gutenmakher compares the im- 
portance of the new development to 
that of printing. He calls this develop- 
ment especially important for raising 
the productivity of intellectual work 
through better access to, and recall of, 
previously accumulated knowledge in 
all fields of science and engineering. 


First Electronic Brain 
Being Readied in Poland 


@ The Polish press announced in May 
that the Polish electronic brain for 
mathematical calculations should be 
operational by the end of the year. 
The “XYZ”’ electronic brain contains 
only 400 electronic tubes, while similar 
devices perfected in other countries 
need 1,000, it is asserted. The machine 
can “remember’’ about 500 numbers 
which it will be able to employ in 
calculations. Contemplated addition 
of more magnetic parts will eventually 
increase the ‘“‘memory’’ of the brain to 
about 8,000, according to the announce- 
ment. 


Petroleum and Plastic Mixed 
in Soviet Solid Fuel Experiment 


@ The Fuels Research Institute, Acad- 
emy of Sciences, U.S.S.R., has published 
a report on experiments with a solid fuel 
consisting predominantly of petroleum. 
The petroleum is mixed with a special 
type of plastic, subjected to high pres- 
sures, and compressed into cubes. 
These cubes contain up to 95 per cent 
fuel and are protected against evapora- 
tion by a thin coating. The solid fuel 
can withstand great variations of tem- 
perature and is impervious to moisture. 
Before use it is reliquefied. 


Soviet “Little Bee”’ 
Makes Maiden Flight 


@ The Soviet general-purpose mono- 
plane Pchelka (Little Bee), designed by 
O. K. Antonov, made its first flight on 
March 16, 1958, according to a United 
Press dispatch from Moscow, which 
credited the Soviet trade-union news- 
paper Trud as the source of the in- 
formation. The item indicates a pas- 
senger capacity of five and states that 
the high-wing, twin-engined aircraft 
has a maximum speed of 130 knots and 
can take off and land from a 240-ft. 
runway. 

An announcement by the designer 
as long ago as a year (March 22, 1957) 
said that series production had already 
been started. However, a United Press 
dispatch quoting Radio Moscow in 
July, 1957, said that ‘‘a first test air- 
craft is now being built.’”” It is pos- 
sible that a photograph published in 
August, 1957, may have shown the 
aircraft before it was completed. 

A Tass broadcast on February 12, 
1958, said that the workshop tests of 
the aircraft would be completed in a 
few days and that the An-14 would be 
ready for flying tests. The same date, 
an article in the Red Star newspaper 
said that the first flight was scheduled 
for February 23, 1958. This was 3 
weeks before the flight was actually 
made. The Moscow broadcast also 
said that the aircraft has two 260-hp. 
AI-14 piston engines and that, while 
carrying six passengers and 150 kg. 
(330 Ibs.) of luggage, or a cargo of 
600 kg. (1,320 lbs.), the Pchelka can 
fly 600 km. (325 nautical miles) with a 
maximum speed of 230 km. hour 
(125 knots). Radio Moscow had pre- 
viously said it would have a “high 
altitude range’ and be ‘‘able to fly the 
clouds if necessary.”’ 

By variations in translations, , the 
impression has sometimes been given 
that the An-14 is a helicopter or a 
VTOL aircraft. Actually, the designer 
has said that it ‘‘resembled a helicopter 
in its take-off and landing qualities,”’ 
and the Tass announcement claimed 
that it would be “cheaper to produce 
than a_ helicopter.” In published 
photographs the An-14 more nearly 
resembles an STOL (short take-off and 
landing) aircraft. It apparently can 
accommodate 7 people, including crew. 
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EDITORIAL 


For three generations the Hill family of Saint Paul, Minn., 
has backed the development of all forms 

of transportation—land, sea, and air. Now, 
believing that it 1s in the best interests of humanity 

to recognize and to encourage significant 
contributions indicative of American enterprise and 
ingenuity in the art and science of space flight, the 
Hill Family Foundation has established 


THE LOUIS W. HILL 
SPACE TRANSPORTATION AWARD 


Aero/Space Engineering + October 1958 


Louis W. Hill 


OXCART to SPACESHIP 


In 1948, the year of Louis Hill’s death, few people in 
this country gave serious thought to extraterrestrial 
travel. Certainly, anyone in those days who might 
have approached any of the established foundations for 
a grant to finance a trip to the moon would have been 
hastily shown to the door—if not locked up as a strictly 
unreliable character. 

Times have changed. We haven’t reached the moon 
yet, but a foundation whose founder and his family 
have had an interest in transportation that goes back 
to the days of the oxcart has recognized the long- 
range implications of space exploration for the human 
race. The Board of Directors of the Hill Family Foun- 
dation has established in the IAS a very substantial 
award to encourage space transportation for peaceful 
purposes. 

At a recent meeting, the Board of Directors of the Hill 
Family Foundation adopted the following resolution: 


“WHEREAS it is the considered judgment of the Board of 
Directors of the Louis W. and Maud Hill Family Foundation 
that it is in the best interests of humanity that encouragement 
and recognition be given to significant contributions indicative 
of American enterprise and ingenuity in the art and science of 
space flight and 
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“WHEREAS such an objective is in conformity with the 
Foundation’s policy and program of encouraging and support- 
ing fundamental research and the early application of new 
knowledge in behalf of the welfare of mankind, now, 

“BE IT RESOLVED that the officers of the Foundation be 
and hereby are authorized to enter into an arrangement with 
the Institute of the Aeronautical Sciences, Inc., New York 
City, New York, for the purpose of establishing, for a mini- 
mum of five years, an annual Louis W. Hill Award for the 
Outstanding Contribution to Space Transportation; said 
Award program to incorporate the following provisions: 


(1) The Award to be administered annually by the Institute of 
the Aeronautical Sciences, Inc., through a Board of Award 
consisting of seven highly qualified persons selected by the 
Institute and approved by the Foundation, said Board to 
be empowered to consider nominations and make the final 
determination of the recipient or recipients of the Award; 

(2) The Award is to take the form of an honorarium of Five 
Thousand Dollars ($5,000) to an individual or up to Ten 
Thousand Dollars ($10,000) in the event of a ‘‘team”’ con- 
tribution, the exact amount of the latter to be determined 
by the Board of Award; in addition, a suitable engraved 
certificate is to be presented to the Award recipient, or 
recipients; 

(3) The Award is to be made at the Honors Night Dinner of 
the Institute commencing with the dinner to be held in 
January 1960; 

(4) Research in any or all of the fundamental sciences relating 


to space travel or space technology (e.g., take-off, naviga- © 


tion, environmental conditions, biological and psychologi- 
cal factors, re-entry, etc., etc.) shall be considered as suit- 
able projects for consideration for the Award; 

(5) The recipient or recipients of the Award must be citizens of 
the United States of America, residents of the United 
States, and employed by an American institution, scientific 
research organization, governmental service or by in- 
dustry, or be engaged in independent research. .. .” 


The suggestion that such an award be established 
was discussed by the Council of the Institute at its 
July 10 meeting in Los Angeles. Subsequently, the 
program was formalized as outlined in the preced- 
ing paragraphs and has been confirmed by the officers of 


both the Foundation and the Institute. The agreement 
is now in effect. 


At a joint conference of the two groups, the following 


Board of Award was selected and approved: 


Dr. Hugh L. Dryden, Deputy Administrator, NASA 

Dr. Clark B. Millikan, Director, GALCIT 

Dr. W. Randolph Lovelace, II, Director, Lovelace 
Foundation 

Dr. H. Guyford Stever, Associate Dean of Engi- 
neering, M.I.T. 

Dr. Athelstan F. Spilhaus, Dean, Institute of Tech- 
nology, University of Minnesota 

Dr. Fred L. Whipple, Director, Smithsonian Astro- 
physical Observatory, Harvard University 

Dr. T. P. Wright, Vice-President—Research, Cornell 
University 


It is planned that the Board of Award will meet 


shortly to consider eligibility, rules, procedures, etc. 
These will be announced at the IAS meeting in January. 
During the subsequent 12 months, candidates for the 

_ Hill award will be considered. As outlined above, the 
formal presentation will be made at the IAS Honors 
Night Dinner in January, 1960. 


We of the Institute are particularly pleased to have 


been selected by the Hill Family Foundation to par- 
ticipate in this program. It not only constitutes the 
largest monetary award for scientific achievement 
available through any scientific society, but also 
recognizes the Institute’s leadership in the ever-broaden- 
ing areas of space science and space technology. In 
administering this award, we are in a position to pro- 
vide tangible evidence of outstanding achievement, as 
well as kudos, to those who make major contributions 
to the science and art of space transportation. 


S.P.J. 
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Milton Rogers 


Air Force Office of Scientific Research 


= THE flight conditions and high speeds made 
possible by modern means of propulsion, the structural 
designer faces a situation quite unlike that faced by 
designers of subsonic airframes. In subsonic flight, 
airloads could be translated directly into stresses by 
means of the theory of elasticity based on the pro- 
portionality of stress and strain. Aeroelastic effects 
were generally regarded as secondary considerations; 
quick cures were the vogue when an airframe exhibited 
this ‘‘structural ailment.’’ Because the laws of elastic- 
ity, or those of strength of materials, provided reliable 
guides to the approximate behavior of proposed air- 
frame structures and because satisfactory structural 
materials were available, designers with experience 
and skill could practice their art with a large measure 
of confidence and a high degree of success.! 

An indication of the flight boundaries envisaged for 
vehicles of the near future is given in Fig. 1. The 
range of flight speeds and altitudes considered possible 
for steady flight is indicated as a “‘corridor of continous 
flight,’’ above which the lift (plus centrifugal force) 
is insufficient to support the weight of the vehicle 
and below which the vehicle becomes too hot because 
of aerodynamic heating. 

When air flows at high speed over the surface of an 
airplane or missile in flight, the air close to the surface 


Mr. Rogers is Chief, Mechanics Division. 

The author wishes to thank Dr. Carl Kaplan of the AFOSR for 
his encouragement and advice during the preparation of this 
paper. The constructive criticism, efforts, and patience of Dr. 
John Dugundji, of the Massachusetts Institute of Technology, 
are also gratefully acknowledged. 

The opinions expressed herein are those of the author and not 
necessarily those of the Air Force. 
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Aerothermoelasticity 


This exclusive contribution to Aero/Space Engineering 


analyzes a field of coming importance and 


presents intriguing problems for consideration by the scientific community. 


AEROELASTICITY 
AERODYNAMICS 
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ELASTICITY 


AEROTHERMO - 
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THERMODYNAMICS 


Fic. 3. Domain of aerothermoelasticity. 


is heated by adiabatic compression and by viscous 
energy dissipation. This heat is communicated to the 
surface at a rate which depends upon many factors, 
such as the configuration and material of the vehicle, 
the velocity, the altitude, the time of exposure to the 
temperature, and the difference in temperature between 
the skin and the heated air. This constitutes the well- 
known aerodynamic heating problem and gives rise 
to the so-called thermal thicket or thermal barrier. 

Fig. 1 shows that, if skin temperatures considerably 
in excess of an equilibrium temperature of 1,500°F. 
can be tolerated, there is no structural obstacle to the 
attainment of arbitrarily high flight speeds provided 
the altitude is appropriately chosen. The equilibrium 
temperature is defined as that temperature at which the 
heat loss due to radiation is exactly equal to the input of 
the heating source. Therefore, the beneficial effects of 
very high altitudes for very high speed flight are com- 
pounded since the higher the altitude, the greater the 
possible radiation cooling—i.e., radiation heat loss. 
If skin temperatures much in excess of 1,500°F. 
cannot be tolerated, then an upper limit to continuous 
level-flight speed exists which depends on the tolerable 
temperature level. It is interesting to note the small 
area of the corridor occupied by the present flight 
envelopes of all aerial vehicles, both military and re- 
search. When one considers the blood, sweat, and 
tears that went into obtaining an understanding and 
proficiency in handling the subsonic structural problems, 
one can appreciate the magnitude of the effort that 
will be required of present and future structural re- 
search. 

In keeping with traditional subsonic analytical 
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trends in almost all investigations of the structural 
aspects of aerodynamic heating, considerable emphasis 
has been given to the loss of structural strength at 
elevated temperatures due to degradation in material 
properties, thermal stresses, creep, and fatigue. How- 
ever, there are also questions which arise as to the 
effect of aerodynamic heating on aeroelastic phenomena. 


‘Corresponding to a loss of strength, there are reductions 


in stiffness and in vibration frequencies of the structure. 
These properties have a direct influence on all aero- 
elastic occurrences. The present paper will attempt 
to present and discuss some of the effects of aerodynamic 
heating on aeroelastic phenomena and to indicate the 
possible impact of this consideration on contemplated 
design practices. 


AEROELASTICITY 


The term aeroelasticity is used to designate a class of 
problems in airframe design which deals with the mutual 
interaction of elastic forces with aerodynamic and 
inertial forces in an airplane or missile structure. 
Aeroelastic problems would not exist if airframe struc- 
tures were perfectly rigid. It is the ever-present 
flexibility that is responsible for the various man- 
ifestations of aeroelasticity. As the speed and, 
consequently, the dynamic pressure increase, the 
flexibility of the structure plays an increasingly im- 
portant role in design considerations. 

Generally speaking, aeroelastic problems can be 
subdivided into two categories: static aeroelasticity, 
which deals with the interaction of only elastic and 
aerodynamic forces, and dynamic aeroelasticity, which 
deals with elastic, aerodynamic, and inertial forces. 

Static aeroelasticity embraces. among others, such 
problems as load distribution on a flexible wing, wing 
divergence, control surface effectiveness, control sur- 
face reversal, and alteration of airplane and missile 
stability derivatives due to flexibility. Dynamic 
aeroelasticity deals with such problems as wing and 
control surface flutter, panel flutter, autopilot installa- 
tion on flexible structures, vibrations of structures due 
to buffeting, and dynamic response of structures due 
to sharply applied loads (gusts, blasts, landing loads, 
gun reactions, abrupt control deflections). 

The importance of structural flexibility in all of these 
aeroelastic problems is evident. In static aeroelastic 
phenomena, this flexibility enters directly into the 
problem, whereas in dynamic aeroelasticity, it generally 
appears in combination with the inertial properties 
as a vibration frequency w. This vibration frequency 
w is proportional to Vk/m, where k is a measure of 
the stiffness, and m is a mass property of the structure. 

Aeroelasticity has been the subject of intensive 
study during the past 20 years, and a considerable 
understanding of, and ability to predict, many aero- 
elastic phenomena has been achieved. Several good 
texts on this subject have recently appeared in the open 
literature.** It should be noted that for modern 
high-speed airframes, aeroelastic considerations have 
begun to dominate the overall design philosophy. 
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This can be attributed in a large part to the increased 
flight speeds, which, on the one hand, have increased the 
aerodynamic forces available to excite aeroelastic 
phenomena, while, on the other hand, the use of thin 
wing profiles and slender bodies has placed an inherent 
limit on the ability of the designer to provide the 
adequate structural stiffness necessary to prevent 
undesirable aeroelastic behavior in high-speed flight. 
An illustration of the effect of increased performance 
on one aspect of aeroelastic behavior is given in Fig. 2. 
Needless to say, this increased performance similarly 
affects all other aeroelastic considerations. 


AEROTHERMOELASTICITY 


The introduction of aerodynamic heating adds still 
a further complication to aeroelasticity. The general 
problem of analyzing the behavior of an airframe— 
considering the mutual interaction between the elastic 
forces, aerodynamic forces, inertial forces, and the 
aerodynamic heat input—is called aerothermoelas- 
ticity. In analyzing the behavior of a deformable 
body under the simultaneous action of heat and force 
inputs, the engineer is thrust into the borderlands of 
aerodynamics, elasticity, and heat transfer (see Fig. 3). 
Collar’s well-known aeroelastic triangle has served as 
a good guide in charting the domain of aeroelasticity.* 
To orient our thinking concerning aerothermoelas- 
ticity, it is perhaps useful to extend the triangle to a 
rectangle as shown in Fig. 4. Here, another vertex 
representing the heat input to the system has been added 
to the original triangle. In general, there can be various 
degrees of coupling among all the four elements of 
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this rectangle. The coupling among the elements A 
(aerodynamic pressure input), E (elastic forces), and 
I (inertial forces) is well known and forms the basis of 
the theory of aeroelasticity. The coupling associated 
with the element H (aerodynamic heating input) is 
new and has not yet been very well investigated. 

It is apparent that the aerodynamic heating can have 
a significant effect on the elastic forces because of the 
deterioration of the properties of structural materials 
at elevated temperatures and the formation of internal 
thermal stresses arising from uneven thermal expansion 
of the structure. Other forms of coupling can be 
hypothesized. For example, it may be possible that 
the aerodynamic pressures can cause deformations of 
the wing such that the local angle of attack, and hence 
the resulting aerodynamic heating rates, can be signif- 
icantly altered. Also, if the aerodynamic heat input 
is extremely rapidly applied and if the characteristic 
times of the aerodynamic heating system are nearly 
equal to the periods of the vibrational modes of the 
structure, a dynamic aerothermoelastic coupling is 
possible. Still another possibility is the thermodynamic 
coupling between the processes of heat generation and 
and elastic deformation which was first discussed by 
Lord Kelvin in the nineteenth century.> Ordinarily 
this thermodynamic coupling is negligible; however, 
there may be unusual conditions associated with 
flight at high speeds where it may become significant. 

In most aerothermoelastic investigations, the mutual 
coupling between the elastic forces and heat-transfer 
processes is disregarded. Thus it is possible to divide 
the general aerothermoelastic problem into two sep- 
arate problems—aerothermal and aeroelastic. The 
aerothermal problem encompasses the problems of 
thermal equilibrium and heat transfer between the 
airplane structure and the boundary layer, including 
the effects of radiation. The principal elements of this 
problem are strongly coupled, and the interacting 
effect between the boundary layer and the structure 
must be taken into account. Considerations of 
elastic deformations are ordinarily neglected. The 
end product of analysis of the aerothermal problem isa 
transient temperature distribution throughout the 
structure. The aeroelastic problem, on the other hand, 
as pointed out earlier, deals with problems of equilibrium 
between the aerodynamic, elastic, and inertial forces. 
There is strong coupling among these elements. How- 
ever, feedback coupling between the aeroelastic and 
aerothermal problems is ordinarily neglected, and the 
sole effect of aerodynamic heating is to alter the elastic 
stiffness levels used in the aeroelastic analysis. 

The division of the aerothermoelastic problem into 
two separate problems rests on at least three assump- 
tions: (1) thermodynamic coupling between the 
processes of heat generation and elastic deformation 
is assumed negligible, (2) static aerothermoelastic 
coupling is small, and (3) dynamic aerothermoelastic 
coupling is small. Small static aerothermoelastic 
coupling implies that the total elastic deflections are 
insufficient to change the flow to an extent that the 
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temperature distribution, and hence the structural 
deflections introduced by the temperature distribution, 
are significantly altered. Small dynamic aerothermo- 
elastic coupling implies that the characteristic times 
of the aerothermal system are long compared to the 
periods of the natural modes of the aeroelastic system.® 

Although many aerothermoelastic problems may be 
approached in this uncoupled, two-stage manner, this 
may not always be a valid assumption, and the more 
general feedback couplings of aerothermoelasticity may 
have to be considered for certain cases. 


TyYPIcAL Boost-GLIDE TRAJECTORIES 


To aid in better appreciation of the importance of 
aerothermoelasticity in future design considerations, 
one of the more promising vehicle types for hypersonic 
flight, the boost-glide vehicle, will be examined to see 
where and which aerothermoelastic problems may arise. 

The boost-glide vehicle is impelled to a high altitude 
and hypersonic speed during a brief initial boost phase. 
It then glides without power along a flat-glide tra- 
jectory toward earth utilizing lift to efficiently convert 
its initial potential and kinetic energy into considerable 
range. The range attained is dependent on the lift 
to drag ratio. To obtain the lift, the vehicle must 
possess wings, and a slender body must be used to 
provide the best possible lift-drag ratios for gliding in 
the earth’s atmosphere. The vehicle will probably 
utilize sharply swept delta wings with rounded or 
blunt leading edges to alleviate the local heating prob- 
lem. Since the boost-glide vehicles must possess 
substantial lifting surfaces and bodies of fairly high 
slenderness ratios, this class of aerial vehicles will be 
more susceptible to aerothermoelastic problems than 
other hypersonic aerial vehicles such as _ ballistic 
missiles. 

The speeds, flight times, and temperatures to be 
encountered by boost-glide vehicles are indicated by 
representative trajectory data, shown in Figs. 5 and 6, 
for two typical boost-glide vehicles which can accomplish 
the same military mission. One of these is represen- 
tative of a manned vehicle, which is intended to be 
reusable by performing its mission and returning to 
base, whereas the other represents a missile which is 
intended to be a one-shot affair—i.e., expendable. 
It can be shown that either trajectory falls within 
the “corridor of continuous flight” of Fig. 1. It is to 
be noted in Figs. 5 and 6 that, because of the gliding 
nature of the flight, the trajectory of the missile is the 
latter portion of the trajectory for the much longer 
range manned vehicle. 

Several salient features regarding the differences 
between the two types of boost-glide craft can be ex- 
tracted from the trajectory data. These differences 
are summarized in Table 1 and discussed more fully in 
the text below. 

Since the manned aircraft must return to its base 
after accomplishing its mission, it requires more than 
twice the range of the expendable or one-shot vehicle. 


TABLE 1 
Summary of Trajectory Differences 


MANNED MISSILE 
(Reusable) (One-shot—expendable) 


TRAJECTORY DIFFERENCES 
Long range (more than twice Short range 
that of the missile) 
Long flight (more than twice Short flight time 
that of the missile) 
Greater number of flights de- One flight desired 
sired (reusability ) 
Presence of crew 
Longer boost phase 


No crew 

Shorter boost phase’ (higher 
accelerations in boost pos- 
sible) 

Greater controllability required No recall ability required 

Higher equilibrium temperature Lower equilibrium temperature 

Ablation cooling unlikely Ablation cooling possible | 


RESULTS OF THESE DIFFERENCES 
More severe cooling problem 
More severe creep and fatigue problems 
High factors of safety 
Greater control and stability problems 
Possibly more erosion problems 


Hence the speed, altitude, and time duration of its 
flight are high compared to those of the missile. In 
addition, the manned type is exposed to higher equi- 
librium temperatures than the missile. As a result of 
exposure to higher equilibrium temperatures and to 
longer duration of flight, the actual skin temperatures 
(which lag behind the equilibrium temperatures because 
of the inherent ‘‘heat-sink’”’ character of the structure, 
insulation, and cooling considerations) will also tend 
to be higher in the manned vehicle than in the missile. 
This will lead to more severe cooling problems for the 
manned type if one is to obtain structural and aero- 
thermoelastic properties comparable with those of the 
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missile. It is to be noted that aeroelastic problems are 
most severe at highest dynamic pressure, g, whereas the 
most critical aerothermoelastic problems may occur at 
some other point in the trajectory because of tem- 
perature couplings and exposure time. 

Further differences between the two types of vehicle 
which give rise to aerothermoelastic differences are 
the reusability feature of the manned vehicle, as well 
as the presence of a human crew. 


The reusability feature of the manned vehicle leads 
to serious consideration of the problem of creep in 
structural design. Creep is always cumulative, and 
no relief can be obtained by any of the known processes 
of ex post exposure stress alleviation. The cumulative 
effects of creep and the corresponding shortening of 
the structural life of the airframe following each mis- 
sion place a definite limit on the number of times a 
manned vehicle can be used when exposed to the tem- 
perature and load environment of a boost-glide flight. 
A somewhat related problem—namely, that of fatigue 
resulting from the recurring application of cooling and 
thermal stresses during each mission—also arises when 
considering the useful life of a manned boost-glide 
vehicle airframe. It might be mentioned that ablation 
cooling (cooling by allowing the outside structure to 
melt off) would not be as feasible in the reusable manned 
vehicle as in the expendable missile. 


The presence of human beings in the manned vehicle 
will necessarily require higher factors of safety than 
the missile. The presence of human beings also will 
limit the accelerations permissible in both the boost 
phase and the final glide phase, thus exposing the 
manned vehicle to its environment longer than the cor- 
responding missile. One of the more attractive features, 
from a military point of view, of placing a man in the 
boost-glide vehicle is the added mission flexibility ob- 
tained from the ability to recall or abort a mission 
economically after the mission has been initiated. This 
will, however, place greater demands on the maneuvering 
capabilities of the manned system if it is desired to 
alter significantly or drastically its trajectory during 
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flight. This results in serious considerations of the 
effect of heat addition to the presently encountered 
aeroelastic degradation of control surface effectiveness. 

Provision must also be made in the manned vehicle 
for maintaining the crew compartment sufficiently 
cool for the human occupant to perform effectively. 
This will result in thermal gradients and thermal 
stress distributions in the structure which, insofar as 
aeroelastic considerations are concerned, act to reduce 
the rigidity of the airframe. 


AEROTHERMOELASTIC PROBLEMS 


A number of aerothermoelastic problems common to 
both types of boost-glide vehicles of the previous 
section are discussed below. The discussion is based 
primarily on inductive reasoning, substantiated wher- 
ever possible by the few experimental and analytical 
results available to date. Moreover, the problems de- 
lineated below are not intended to be exhaustive but 
rather are chosen to represent and highlight some of 
the more important aspects of aerothermoelastic con- 
siderations. 


Reduction in Torsional Stiffness 


One of the most significant aeroelastic parameters in 
an airframe structure is the torsional stiffness of the 
wing and control surfaces. This is readily apparent 
since any change in twist angle affects the angle of 
attack and hence the airloads on the surface. Aero- 
dynamic heating can significantly affect this torsional 
stiffness by two means. First, there is the reduction of 
the modulus of elasticity of the structural material 
because of the increased temperatures. Second, and 
more novel, is the reduction in stiffness resulting from 
the action of internal thermal stresses arising from the 
uneven thermal expansion of the structure. 

As a structure heats up because of aerodynamic 
heating, some portions of the structure—for example, 
the outside surface—will be, at any instant of time, 
at higher temperatures than other portions. These 
higher temperature regions of the body would like 
to expand but are partially restrained by adjacent 
cooler portions. This results in compressive stresses 
in the higher temperature areas and tensile stresses in 
the cooler regions. The compressive thermal stresses 
and the attendant buckling phenomena are transient in 
nature since the temperature distribution is continually 
changing. Indeed, when a homogeneous structure 
eventually heats up to a uniform level, the thermal 
stresses, and the reductions in torsional stiffness result- 
ing from these stresses, vanish. 

The effect of thermal stresses on the torsional stiff- 
ness of a wing was explained by Dryden and Duberg’ 
using the simple illustration shown in Fig. 7. A 
rigid crossbar is attached to one end of a torque tube 
that is fixed at the other end. In addition, the crossbar 
is joined to the foundation by means of a pinned bar 
attached at each end. Heat is applied to the end rods 
while the torque tube remains relatively cool; then, 
because of the constraining action of the rigid crossbar, 
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compressive forces develop in the rods while a tensile 
force, numerically equal to the sum of these compres- 
sive forces, is produced in the tube. If an external 
torque is then applied to the torque tube, as shown by 
the arrow in Fig. 7, the crossbar will rotate as indicated. 
However, the end rods are now inclined to their original 
position and the components of the compressive forces 
in the end rods act to produce a couple on the crossbar. 
Consequently, the torque tube is subjected not only 
to the externally applied torque but, in addition, to an 
extra torque arising from the compressive forces in the 
end rods. Asa result, the twist of this idealized wing 
model is larger than it would be if compressive forces 
in the rods had been absent. In other words, because 
of the thermal compressive stresses at the ends of the 
cross section, the effective torsional stiffness of the 
structure has been lowered. Similarly, if the leading 
and trailing edges of a wing are at a higher temperature 
than the midchord (as is likely to occur with solid 
double-wedge sections), compressive thermal stresses 
will occur in the leading and trailing edges while the 
midsection is in tension. If an external torque is then 
applied to the wing, say by airloads, the compressive 
thermal stresses will have force components which pro- 
duce an additional unstable torque, thereby resulting in 
greater torsional deflections than would occur in the 
absence of thermal stresses. 

A simple home demonstration of the effect of the 
compressive stresses in the end rods on the torsional 
rigidity of a structure can be made using compressed 
springs instead of the solid heated rods. 

The quantitative magnitude of the loss in structural 
stiffness due to thermal stresses can be calculated. 
Fig. 8 gives an indication of this effect for a solid double- 
wedge wing of high aspect ratio which is accelerated 
suddenly to a Mach Number of 10 and then maintained 
at this speed. The time history of torsional stiffness is 
shown in the upper plot. It is seen that the torsional 
stifiness decreases markedly during the early part of 
the flight while the wing is heating up and large tem- 
perature gradients and thermal stresses are, there- 
fore, present. At later times, as the wing temperatures 
become more uniform and the thermal stresses vanish, 
the torsional stiffness rises again toward some steady- 
state value, which reflects only the reduction of the ma- 
terial modulus of elasticity at elevated temperature. 

The wing torsional stiffness has a marked effect on a 
typical aeroelastic problem—namely, bending-torsion 
flutter of a wing. Bending-torsion flutter can be de- 
scribed as a dynamic instability involving the coupling 
of bending and torsional vibrations of a wing when 
placed in an airstream whose speed is greater than a 
certain value (the flutter speed for the wing). 

The variation of this bending-torsion flutter speed 
corresponding to the change in torsional stiffness is 
indicated in the lower plot of Fig. 8. It is seen that, 
at some early time, the bending-torsion flutter speed 
may well drop below the flight speed giving rise to flut- 
ter, while, at some later time, the wing would stop 
fluttering if it were not already destroyed. It is inter- 
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Fic. 8. Effect of aerodynamic heating on flutter. 


esting to observe that consideration of only the reduc- 
tion in modulus of elasticity with temperature would 
not have provided a safe design for this specific case. 
The importance of these transient thermal stresses on 
general aerothermoelastic phenomena is apparent and 
has been the subject of several papers.** 

Actual wing structures contemplated for hypersonic 
vehicles will tend to be of different planform and con- 
struction than the simple theoretical model considered 
here. The effects of thermal stresses on torsional 
stiffness carry over similarly to actual wings but per- 
haps with a lesser degree of intensity than that shown 
in Fig. 8. For example, a hollow built-up section will 
not have as severe a reduction in stiffness due to thermal 
stresses as the solid double-wedge section considered 
here. In any event, each particular geometry will 
have to be investigated individually to ensure that the 
torsional stiffness, under conditions of thermal stresses 
and reduced modulus of elasticity, remains adequate to 
prevent aerothermoelastic difficulties. 

It might be mentioned in passing that the presence of 
plasticity and creep can lessen the thermal stresses 
developed in a structure, thereby making the stiffness 
changes less severe than would ordinarily be expected 
from an elastic thermal stress analysis. Of course, 
plasticity and creep may be undesirable from a strength 
of fatigue point of view. 


Low Aspect Ratio Aerothermoelastic Problems 


The most familiar and best understood static and dy- 
namic aeroelastic problems are generally associated 
with higher aspect ratio configurations where wing tor- 
sional stiffness plays an important role. The use of 
low aspect ratio planforms, such as delta wings, has 
introduced the possibility of a more unconventional 
type of aeroelastic behavior associated with chordwise 
distortions and warpings of the wing surface. Even 
without the introduction of aerodynamic heating to 
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Fic. 9. A mechanism for aerothermoelastic 

coupling: The temperature on the lower surface 

is greater than the temperature on the upper 
surface. 


the surface, these aeroelastic problems are quite complex 
and are not as clearly understood as their higher aspect 
ratio counterparts. 

The introduction of aerodynamic heating to these 
low aspect ratio surfaces has produced some spectacular 
aerothermoelastic effects. The by now classic results 
of a series of experiments performed by the NACA 
at Wallops Island dramatically illustrate what may 
occur.’ In these experiments, a square planform multi- 
web wing, cantilevered at one end, was placed at zero 
angle of attack in a steady airflow of Mach Number 2, 
having a stagnation temperature of 500° F. At first the 
wing showed no sign of distress. After a short length of 
time during which the structure heated, the wing sud- 
denly exhibited a violent chordwise ‘‘flag-waving” 
type of flutter which soon resulted in destruction of the 
wing. A repeat of this test on a similar specimen under 
the same conditions, except with a stream stagnation 
temperature of 100°F., revealed no sign of flutter. 

The unconventional behavior of the wing in this 
peculiar “‘flag-waving”’ flutter presents an interesting 
problem in aerothermoelasticity. Much evidence exists 
on the harmful effect of the thermal stresses on the 
rigidity and the higher vibrational modes of the struc- 
ture. However, the actual mechanism of the “‘flag- 
waving” flutter has not to date been completely under- 
stood. Needless to say, this type of aerothermoelastic 
behavior is a distinct possibility for the low aspect 
ratio delta-wing configuration of the hypersonic boost 
glide vehicle. 


Curling of Leading Edge 


Some other interesting forms of aerothermoelastic 
coupling can be conceived which involve the curling 
of a leading edge in hypersonic flight. The possibility 
of such an occurrence was pointed out by Bisplinghoff® 
using the simple model shown in Fig. 9. It is well 
known that at an angle of attack the aerodynamic heat- 
ing rate is greater on the lower side of a wing than on 
the upper surface, the difference increasing with in- 
creasing angle of attack. Since the higher heating 
rates on the lower side cause the bottom temperatures 
to be greater than those on the upper surface, larger 
thermal expansion of the lower surface will tend to curl 
the leading edge up as shown in the figure. This fur- 
ther increases the angle of attack, and the process can 
continue. Ifthe Mach Number is near the divergence 
condition, it is possible that the curling-up due to the 
thermal expansion will induce aerodynamic loads 
greater than those the structure is capable of resisting 
and the structure will collapse. 
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A leading-edge chordwise creep divergence phe- 
nomenon, analogous to creep buckling, may also be 
visualized for wings in hypersonic flight at high angles 
of attack. 


Panel Flutter 


The behavior of a panel supported at its ends and sub- 
jected to a high speed flow over one face has become an 
important aeroelastic problem in recent years.!%! 
The panel may be susceptible to strong self-sustained 
oscillations called panel flutter. This flutter may 
eventually cause failure of the panel. The phenomenon 
has been studied in wind tunnels and is believed to 
have caused failure of some of the early V-2 missiles 
launched in Germany. 

Aerodynamic heating tends to buckle the panel 
since the outer surface skin is generally at higher 
temperatures than the internal supports and requires 
more thermal expansion than the cooler restraining 
supports can provide. Under these buckled conditions, 
skin panels are more likely to flutter. 

The flutter problem of flat panels has been extended 
to include the flutter characteristics of curved panels 
of cylindrical, conical, and other shell shapes. These 
elementary shapes can be used to represent more 
complete fuselages and missile bodies. The thermal 
stresses developed in such shell structures may affect 
the stiffness and cause aerothermoelastic problems. 
This is particularly evident in the regions near fuel 
tanks where large temperature gradients may exist. 


Ablation 


In the regions close to the leading edges of hyper- 
sonic vehicles, equilibrium temperatures approach 
stagnation temperatures and are therefore considerably 
higher than those shown in Fig. 6. It may be feasible 
to cool these regions by allowing the structure to melt 
off thereby making use of the latent heat of melting or 
vaporization (ablation). 

The ablation process will change the mass and mass 
distribution of the structure. If the leading edge is 
heavy, its ablation can have an effect on the flutter 
properties of the wing through (1) shifting the cg. 
aft, which is generally harmful, and (2) increasing the 
wing torsional frequency, which is generally beneficial. 

Since the two effects are opposing, no a priori con- 
clusion can be reached as to the effect of ablation 
on the flutter properties of a structure. Each particu- 
lar design must be analyzed on an ad hoc basis to as- 
certain the effects of ablation on the aerothermoelastic 
properties of the airframe. 

Another facet of this problem is consideration of the 
aerothermoelastic integrity of the airframe when more 
extensive sections of structural skin are allowed to 
abate, such as might be the case for a one-shot vehicle. 

A new intriguing scientific problem, and perhaps an 
important aerothermoelastic problem for sustained- 
flight hypersonic vehicles, can be deduced from meteoro- 
logical and aerophysical considerations. At the flight 
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speeds envisioned for the boost-glide vehicle, the energy 
of the molecules of the impinging air could exceed the 
binding energy of the surface material molecular lattice. 
Metal ions might therefore be sputtered off, giving rise 
to what is, in effect, an ablation of the surface through 
erosion, particularly of the leading edges. It is not at 
all unlikely that these metal ions, in moving down- 
stream, would combine with oxygen in the air, releasing 
heat during the process, much in the same way that the 
meteor trailisformed. This heat would be released lo- 
cally and perhaps randomly downstream of the ‘‘erosion 
point.’ These local hot spots could, therefore, occur 
in regions over the downstream portions of the lifting 
and control surfaces, which extend outward from the 
centerline into the airstream. This could give rise to 
uneven, excessive, localized heating of the skin by ex- 
posure to local equilibrium temperatures which are 
much greater than the steady-state equilibrium tem- 
peratures calculated for the flight. This localized 
uneven heating could give rise to excessive local thermal 
stresses, local buckling, and other structural deforma- 
tions which would result in peculiar aerothermoelastic 
behavior of the local panel or surface. 


Control Surface Effectiveness and Rigidity 


The effectiveness of aileron, rudder, and elevator con- 
trols is strongly dependent on the elastic stiffness of the 
structure and constitutes a well-known static aeroelastic 
problem. Generally, structural deflections tend to re- 
duce the control effectiveness and have even been known 
to cause control reversals and static instabilities in flight. 
Aerodynamic heating may cause reductions in the 
structural stiffness because of thermal stresses and re- 
duction in the modulus of elasticity, thereby causing 
additional loss of maneuvering capability of the vehicle. 
The effect of heating is similar in principle to that de- 
scribed previously with regard to the loss of torsional 
stiffness of the wing and can be analyzed in a similar 
fashion. 

In addition to the structure rigidity of the lifting 
surface itself, the rigidity against rotation-of-the-con- 
trol-surface provided by the boost mechanism plays 
an important role in aeroelastic problems involving con- 
trol surfaces. This introduces considerations of the 
impedance properties of both open- and closed-loop 
boost control systems which may be markedly af- 
fected by temperature. The design of boost control 
systems to operate adequately in high-temperature 
environments is an obvious problem in hypersonic 
vehicles. 


Fuselage Aerothermoelastic Problems 


In addition to lifting surface aerothermoelastic 
problems, there remains also the possibility that the 
fuselage wing-body combination as a whole will ex- 
perience aeroelastic and aerothermoelastic difficulties. 
The highly swept delta wings and slender fuselages of 
boost-glide vehicles tend to make the fuselage provide 
an increasingly larger share of the aerodynamic lifting 
forces both steady and oscillatory. These air forces 


may give rise to unusual types of aeroelastic problem 
involving large fuselage deformations. The treatment 
of these aeroelastic problems will require viewing the 
wing-body combination as a whole, as is done in slen- 
der body aerodynamic theory. The addition of aéro- 
dynamic heating aggravates these aeroelastic problems. 


EXPERIMENTAL METHODS 


One has only to look at the great dependence on 
testing in the engine field to conclude that the develop- 
ment of adequate high-temperature structure and struc- 
tural materials by analytical means alone appears most 
unlikely. The methods at hand for aerothermoelastic 
testing leave something to be desired. New and unique 
structural testing facilities, as unlike the present facili- 
ties as the wind tunnel of 30 years ago is unlike the 
varied and sophisticated tools available to the aero- 
dynamicist of today, will be required before substantial 
progress can be made. 

In assessing the tests that are necessary and feasible 
for the development of high-temperature structures, it 
is apparent that complete simulation by true models 
operating in a truly hypersonic airstream is an extremely 
complex problem. With our present lack of adequate 
scaling and similarity laws, this complete simulation 
can be achieved only by models which approach the 
prototype in size. Even with the development of ade- 
quate scaling and similarity laws, completely simultane- 
ous simulation of all modes of aerothermoelastic be- 
havior may be impossible to obtain in the laboratory 
since scaling of certain similarity requirements may 
conflict—e.g., the simultaneous provision of Mach 
Number and Reynolds Number. It may, therefore, 
be necessary to accept carefully considered compromises 
by relaxing one or more of the requirements while 
obtaining full simulation of the other variables. 

Thus it may be necessary to continue to think in 
terms of a number of “restricted purpose’ models 
rather than one all-purpose model. As is the practice 
today, each model would be designed for the investiga- 
tion of a particular phenomenon, one that must be 
recognized in advance. Each model would generally 
be tested in a different type of facility. Three model 
types can be envisioned: (1) models which are de- 
signed for the study of the heat transfer from the bound- 
ary layer to the structure; (2) models which are de- 
signed for the study of structural behavior in high- 
temperature environments; and (3) models which are 
designed for the study of aeroelastic, or certain re- 
stricted forms of aerothermoelastic, behavior. 

The heat input to a structure is a basic ingredient of 
thermoelastic and aerothermoelastic design and theory. 
The primary heat input to a structure, in flight, occurs 
through the transfer of heat between the airstream and 
the vehicle in motion. A continuous flow wind tunnel, 
operating at the proper Mach Number, is an ideal 
facility for studies of heat-transfer models. When 
account is taken of the interacting heat transfer be- 
tween the boundary layer and the body, six nondimen- 
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sional similarity conditions must be satisfied in order to 
achieve complete similarity between a prototype and 
its corresponding wind-tunnel model for the case of 
laminar flow.'? Complete similarity is generally not 
feasible. Various degrees of approximation may be 
obtained by adjusting the four variables of wind-tunnel 
pressure and temperature and model length and ma- 
terial. 

The task of providing facilities for structural model, 
component, and assembly tests for hypersonic vehicles 
may well prove to be one of the most formidable lab- 
oratory equipment problems yet faced by aeronautical 
engineers. Three problems must be overcome. The 
first is that of delivering the required heat input to the 
surface of the structure. The second is the application 
of the required load input at the same time that the 
heat input is applied. The ‘third is that of measuring 
the response of the structure. 

Of the various methods that can be devised for pro- 
ducing heat inputs, few satisfy all the special conditions 
that must be imposed on a practical laboratory system. 
One of the severest limitations on the laboratory system 
is the requirement for programing the time history of 
thermal input to the model. Elaborate electronic con- 
trol devices are required in addition to low inertia heat 
input elements. 

Since, at the present time, the radiant heater pro- 
vides a convenient solution to the problem of thermal 
input, radiant heating facilities have become important 
tools in studying the effects of heating on the stiffness 
and vibration frequencies of structures resulting from 
thermal stresses and deterioration of the material 
modulus of elasticity. However, the power require- 
ments for heat input simulation may get out of hand 
when simulation for hypersonic flights using reasonably 
sized models is attempted. In estimating the power 
requirements of radiant heating facilities, an apprecia- 
tion can first be obtained of the effectiveness of a hy- 
personic airplane as a generator of heat. For example, 
for the boost-glide vehicle trajectory described in Figs. 
5 and 6, a peak thermal density of approximately 100 
kw. per sq.ft. is reached. Taking account of average 
radiation losses and assuming a coated skin with an 
absorptivity of 0.8, electric power of 260 kw. per sq.ft. 
must be delivered to a radiant heating facility. The 
power density required for laboratory tests of these 
hypersonic vehicles is so great as to be beyond the 
capabilities of presently available radiant heating 
elements. 

A great deal of ingenuity is required to devise schemes 
of applying flight loads and heat input simultaneously 
in structural test facilities. Since strain rate is an im- 
portant parameter in elevated temperature testing, it 
will be necessary for loading devices to simulate rates 
of loading, as well as peak intensity. 

Measurement of structural response involves the 
parameters of temperature and strain. The thermo- 
couple principle provides a means of reliably measur- 
ing temperatures over a wide range. However, the 
electrical resistance strain gage, so widely used in room 
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temperature experimental stress analysis, may fall by 
the wayside in highly elevated temperature environ- 
ments, even with recent improvements for ‘“‘high- 


temperature’ applications. New developments in 
strain and stress measuring techniques may be required 
before high-temperature strains can be correctly and 
reliably measured. 

Testing “restricted purpose”’ aeroelastic models, used 
in particular for flutter models, has heretofore been an 
indispensable aid in designing structures to avoid harm- 
ful aeroelastic phenomena. There have been two 
basically different approaches to the use of such models, 
In one, the model tests are designed to obtain coeffi- 
cients to be inserted into the theory. In the other, the 
model test is designed as an analog of the full-scale 
problem.® 

A supersonic blowdown tunnel is an example of a 
laboratory facility for flutter research and develop- 
ment testing at supersonic Mach Numbers. For hy- 
personic testing it will be necessary to heat the supply 
air in order to conduct aerothermoelastic tests. During 
an experiment conducted in a heated supply air wind 
tunnel on a multiweb wing, Dryden and Duberg’ 
reported that NACA had encountered the chordwise 
“flag-waving”’ type of flutter mentioned previously. 
Such a flutter mode had heretofore been virtually un- 
known in practical flutter testing. A true flutter model 
simulating all the elastic, inertial, unsteady aerody- 
namics and heat-transfer properties of a prototype 
is virtually out of the question, except for geometric 
scale ratios of nearly one. It thus becomes apparent 
again that “restricted purpose’? models must be em- 
ployed. In addition to employing heated air in wind- 
tunnel experiments, it may also be possible to test 
aeroelastic models in tunnels with unheated air by 
artificially incorporating the stiffness losses produced 
by aerodynamic heating. This can, in principle, be 
accomplished by building the stiffness which exists at 
one or more points along a mission profile—as calcu- 
lated or as determined by testing a scaled structural 
model in a heating device—into a series of room-tem- 
perature flutter models, which can then be inserted 
into an air stream whose Mach Number corresponds to 
the model stiffness. However, if the temperature en- 
vironment of the prototype is such that there are im- 
portant and sudden variations in the elastic constants 
with temperature and time, use of the same ma- 
terial in model and prototype is mandatory. This may 
impose a practical testing difficulty in attempting to 
use “reduced-stiffness’’ room-temperature models for 
aerothermoelastic testing. 

Rockets provide a means of aerothermoelastic testing 
under more realistic combinations of Mach Number and 
stagnation temperature than the usual, even if heated, 
wind tunnel, particularly at the high Mach Numbers. 
However, the cost, the overall relative uncertainty of 
the test environment, and the restrictive size of the 
structural samples that can be used economically pre- 
clude their wide acceptance as a primary general aero- 
thermoelastic tool. 
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With the advent of high-speed track facilities, the 
rocket sled has begun to take its place in the arsenal 
of aeroelastic and aerothermoelastic experimental 


techniques. With the use of rocket sleds operating 
at or near sea-level conditions, it is possible to evaluate 
the aeroelastic and some of the aerothermoelastic 
characteristics of a full-scale article, such as a wing, 
tail, etc., under conditions of high dynamic pressure 
and relatively high heating rates. In many cases, a 
major portion of the actual aircraft structure may be 
used to realize the desired degree of simulation. How- 
ever, the cost and complexity of extending the perform- 
ance of rocket sleds beyond somewhere near a Mach 
Number of 5, as well as the short time of an experiment, 
places a natural limit on the utility of this technique 
for aerothermoelastic research. 

Research aircraft offer still another invaluable 
method of aerothermoelastic research. The research 
aircraft, properly conceived and executed, is the one 
tool available to the research scientist and engineer 
that can provide full simulation of all the parameters 
of importance simultaneously. Its role in research is 
to explore the gray area between where one knows 
what is possible and where one knows it is impossible 
to do anything. As is done with a wind tunnel, a 
radiant heating facility, or other research tools, its 
justification and support should derive from its scien- 
tific utility, which in turn arises both from its ability 
to permit investigation of the important parameters 
of a problem under full-scale operational conditions and 
from its utility in calling attention to problems that 
may not have emerged from the best deductive reason- 
ing made with the knowledge available at the time. 
Such a vehicle could be of particular importance in 
the proper assessment of the strength of the feedback 
couplings between kinetic or aerodynamic heating and 
the elastic, inertial, and aerodynamic forces in aero- 
thermoelastic phenomena. 

Before leaving the subject of facilities, mention must 
be made of the greatest single facility in research—the 
ingenuity and knowledge of the human scientist and 
Much of the design for high-temperature 
structures will revolve around clever methods for avoid- 
ing thermal stressing while still providing the efficient 
structural form which is the modern airplane. 


CONCLUSIONS 


This paper has attempted to give a broad view of 
what can become, in the future, a major problem in 
airframe design—aerothermoelasticity. The problem 
is already with us, and, as we penetrate further into 
the thermal thicket, the problem will assume an ever- 
increasing importance. It is more than likely that, in 
the same way that aeroelastic considerations have 
begun to dominate supersonic airplane design, aero- 
thermoelastic considerations may be a controlling 
factor in the design of hypersonic airframes. 

The problem areas delineated in this paper are not 
meant to be exhaustive but rather were presented to 


illustrate some of the more important aspects of aero- 
thermoelastic phenomena. 

The present method of handling aerothermoelastic 
problems is to divide the general problem into two sep- 
arate problems—the aerothermal and the aeroelastic— 
each of which can be handled, to a large degree, by 
methods already available to the structural engineer. 
This division rests on assumptions which may not al- 
ways be valid under high-temperature flight environ- 
ments. Research is needed to clarify the strength of 
the interactions between heat input and aeroelastic 
phenomena, other than the well-known reductions in 
moduli of elasticity of the structural materials and the 
introduction of thermal stresses. 

The general problem of aerothermoelasticity is too 
complex to be successfully approached by analytical 
means alone. New and unique experimental facilities 
are needed for aerothermoelastic research before signifi- 
cant progress can be made. Model tests are useful in 
developing optimum theories. Complete simulation 
in the laboratory of all the elastic, inertial, and un- 
steady aerodynamics and of heat-transfer properties 
of a prototype is virtually out of the question, 
except for geometric scale ratios of nearly one. Thus, 
“restricted purpose’ models must be employed. 

The richness of the field of aerothermoelasticity, as 
an almost completely unexplored field of research, 
offers tempting problems to people of all talents and 
inclinations. In designing tomorrow’s hypersonic air- 
planes and missiles, the clearly defined boundaries of 
structural analysis, thermodynamics, and aerodynamics 
merge, creating a new specialization—aerothermoelas- 
ticity. 
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= TECHNIQUE for most efficient 
interplanetary flight is well known. At departure from 
planet P, (Fig. 1), the vehicle possesses the orbital 
velocity V,; of the planet. An incremental velocity 
AV, is added which causes the vehicle to travel along 
the Kepler ellipse P, P2, generally referred to as the 
transfer orbit. When arriving at planet P, the vehicle 
velocity is again increased by an increment AV2, which 
brings its speed up to the orbital velocity V2 of planet 
P». 

For best efficiency, the transfer orbit P,P: should be 
tangent to both planet orbits 1 and 2. This is possible 
only when both planet orbits are in the same plane; this 
therefore will never be an actual case. It is easy to show 
that the transfer orbit cannot be tangent to the planet 
orbits when the latter are not coplanar. If we project 
all orbits on a heliocentric sphere (Fig. 2), their projec- 


ORBIT 2 
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Fie. 1. 


Interplanetary orbits—plan view. 
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This paper deals with some of the three-dimensional aspects of orbits in close vicinity to the planet— 
i.e., orbils of arrival and deparlure—studied from the standpoint of flight economy. 


It is assumed that we are dealing with high thrust accelerations 


such as would be obtained from chemical propulsion. 


One special case of arrival, the return lo earth, is briefly considered. 
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SYMBOLS 

V = velocity 

V, = circular velocity at perigee* 

V., = hyperbolic excess velocity 

V, = surface velocity on the planet due to its diurnal rota- 
tion 

AV = velocity impulse 

AV,, = transfer impulse, circle to hyperbola 

AV,, = transfer impulse, ellipse to hyperbola 

r = distance, ship to center of planet 

Ry, = ratio between apogee* and perigee distances 

€ = angle between planetary and interplanetary orbits 

0 = angle between hyperbolic excess velocity and orbital 
velocity of planet 

T = latitude of target direction 

nN = latitude of launching site 

t = inclination of target direction to initial orbital plane 

a = angle between orbital planes 

¢ = angle between major axis of ellipse and asymptote of 
hyperbola in an ellipse-hyperbola transfer 

w = diurnal rotational velocity of planet 

Subscripts 

P = perigee 

A = apogee 

A = apsidal 

e = ellipse 

h = hyperbola 

pb = parabola 


* The terms apogee and perigee have been used as applying to 
orbits around any planet, even though, strictly speaking, they 
should apply only to earth-centered orbits. 


This paper was presented at the IAS National Midwestern 
Meeting, St. Louis, Mo., May 14, 1958. 
Mr. Bossart is Technical Director. 
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Fic. 6. Hyperbolic escape into a given target direction from elliptic orbit. 


tions must be great circles since, according to Kepler’s 
law, each orbit is located in a plane containing the sun. 
Two orbits cannot be tangent to one another since on 
a sphere two great circles cannot be tangent. 

From Fig. 2 it can also be seen that. if tangency is to 
be achieved, the transfer orbit has to consist of two 
parts—P,N, located in the plane of orbit 1, and N P», 
located in the plane of orbit 2. This requires that an 
impulse AV y be applied at the nodal point N. 

It can be shown that a more efficient transfer can be 
effected along the planes P,N’ and N’P2. It is not the 
object of this paper to determine the optimum location 
of point NV’. Suffice it to observe that, in general, the 
transfer orbits meet the planet orbits at angles «, and 
&. This means that the velocity increments AV; and 
AV, will have components perpendicular to the planet 
velocities V; and 

The incremental velocities AV; and AV2 are the veloc- 
ities of the vehicle with respect to the planets P; and P», 
respectively. They are, of course, the so-called hyper- 
bolic excess velocities attained at large distances from 
the planet (“large distances” meaning several tens of 


planet radii, which are still small distances in terms of 
planetary orbit dimensions, the latter being measured in 
tens of thousands of planet radii). AV; and AV2 are 
directed along asymptotes of the hyperbolas of escape 
from the planets. 


RULES FOR OPTIMIZATION 


The basic process in interplanetary flight is to over- 
come gravitational potential energy by means of kinetic 
energy. 

The capability of a rocket vehicle is measured by its 
ability to build up translational momentum per unit 
mass, in the absence of drag and gravitation. (This 
total momentum per unit mass is sometimes called ideal 
velocity— V ia.) 

A good flight path, then, is one that uses the available 
momentum to best advantage to achieve the highest 
possible kinetic energy per unit mass. 

To this end the following rules should be observed: 

(1) Avoid applying thrust in a direction normal to the 
flight path. This means that the trajectory should 
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Fic. 2. Interplanetary orbits in three dimensions. 


Fic. 3. Direction of velocity increment for departure. 


be planned in such a way that changes in direction 
other than those caused by gravity are not required. 

(2) If such changes in direction are unavoidable 
(such as in the case of AVy mentioned above), they 
should be made when the velocity is lowest. In the 
case of an elliptic orbit, for instance, they should be 
made at apogee rather than perigee. 

The change in kinetic energy accrued from a given 
increment of momentum will be larger when the ve- 
locity of the rocket is high than when it is low. This is 
evident from the relationship 


Akin.en. = [(V + AV)?/2] — 
(V2/2) = VAV + (AV?/2) 


From this we derive two more rules: 

(3) Whenever possible, apply thrust in those parts 
of the trajectory where the velocity is highest—e.g., 
in the perigee of an elliptic orbit rather than in the 
apogee. 

(4) In powered flight try to build up kinetic energy 
in preference to potential energy. In other words, 
avoid fighting gravity with thrust. 

In many applications these rules will be found to be 
conflicting. In such cases, optimization is arrived at 
through compromise. 


TARGET DIRECTION 


At departure from the vicinity of a planet the ship is 
approximately at an apside of the transfer ellipse. It 
therefore has apsidal velocity V4. As a general rule 
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the vector V4 will make an angle ¢ with the orbit 
velocity V of the planet (Fig. 3). In general, € will be 
made up in toto or for the largest part from the angle 
e1 (Fig. 2) between the two orbital planes. The differ- 
ence the vectors and V4 is the “‘hyper- 
bolic excess’’ or escape velocity from the planet. The 
direction of V7. is the direction of the asymptote of the 
hyperbola of escape and will be ealled the target 
direction. 

Since V’,, is always small compared to V, the angle @ 
of the target direction can be appreciable even though 
eis extremely small. For instance, when leaving Venus 
for the Earth, V = 115,000 ft./sec., and V4 = 124,000 
ft./sec. Then, if we assume « = 1.7°—i.e., half of the 
angle between the two planet orbits—we get @ = 22.4°, 

The inclination of the equator of Venus to its orbital 
plane is unknown. But assuming that it is about the 
same as that of the earth (23.5°), then, when firing at 
solstice, the target direction could be inclined to the 
equator as much as 23.5 + 22.4 = 45.9°. This may 
have an important bearing on the economy of the de- 
parture maneuver from a ‘waiting orbit,’ as will be 
seen later. It means that, because of precession oc- 
curring during the waiting period, the waiting orbit can 
be at right angles to the target direction. 


ORBITS OF ARRIVAL AND DEPARTURE 


Contrary to what is the case with the heliocentric 
orbits discussed so far, an orbit of arrival or departure 
is centered around the planet and is governed entirely 
by the planet’s gravitational field. Such orbits include 
not only the hyperbolic orbits of capture and escape 
but also closed orbits—circular or elliptic—surrounding 
the planet. 

The closed orbits are often thought of as orbits of 
convenience, intended for such purposes as awaiting 
departure, assembling space ships, storing supplies, 
etc. Actually — as will be shown—these orbits are a 
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Fic. 4. Orbital planes for capture or escape. 
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necessity since it is only the rarest coincidence that the 
desired hyperbola can be entered directly from a sur- 
face launch. 

The plane of an orbit of arrival or departure obviously 
must contain the center of the planet. Furthermore, 
the plane of a hyperbolic orbit of capture or escape must 
be parallel to the target direction. Let us project the 
orbit geometry on a sphere concentric with the planet 
(Fig. 4). Let T be the point where the radius vector 
parallel to the target direction pierces the sphere. 
Orbital planes whose traces a-a, b-b, and c-c pass 
through T are all satisfactory. 

When we pass now from the hyperbolic orbit to a 
closed orbit—or vice versa—it will be most economical 
to have both orbits coplanar.* In this way, no energy- 
wasting change in direction will be required. Again, 
all planes passing through OT will be satisfactory. 

However, if we wish to land on the planet or estab- 
lish a closed orbit from a surface launch, then it can be 
shown that the greatest benefit is derived from the 
diurnal rotation of the planet by choosing the orbit 
plane a-a which has the lowest inclination to the planet’s 
equator. This inclination 7 is equal to the latitude of 
the target point T. 

It is taken for granted that the direction of rotation of 
the orbit will be that of the planet. 


DEPARTURE FROM SURFACE LAUNCH 


The best closed orbit of departure is a circular orbit 
of the smallest practical radius—the smallest practical 
radius meaning the lowest altitude compatible with the 
planet’s surface topography or atmospheric density. 
The reason for this obviously is to comply with optimi- 
zation rules number 3 and 4: the impulse required to 
transfer from the closed orbit to the hyperbolic should 
be applied at the highest possible (circular) velocity. 

The orbital plane should pass through the target 
direction T (Fig. 5) and for best economy should have 
an inclination to the equator equal to the latitude 7 of 
point T. This means that the launching should be 
timed to the instant that the launching site L passes 
through the orbital plane. Let A be the point where 
this occurs and B the intersection of the orbit with the 
equator. If we now draw the meridian AC, the spheri- 
cal triangle ABC will have the following properties: 


Angle B = + = inclination of the orbit to the 


equator 
Angle C = 90° 
Arc AC = \X = latitude of the launching site 


Solving for angle BAC we find sin BAC = cos 7 + 
cos \. The velocity of the launching site due to the 
rotation of the planet is V, = rw cos \, where ¢ is the 
radius of the planet and w its angular velocity. 

The contribution of V, to the desired circular orbit 


* Only in the case of departure from a long-established closed 
orbit—such as a so-called waiting orbit—is this not always 
feasible. 


HYPERBOLA 


Fic. 5. Departure from surface launch. 


velocity V.is V,cos V,V.. If we now observe that the 


angle V,V, is complimentary to angle BAC, we can 
write that this contribution is 


V, sin BAC = rw cos \-(cos r/cos A) = rw cos 


We therefore arrive at the interesting conclusion that: 

(1) The benefit derived from the planet’s rotation is 
largest when the inclination of the orbit is a min- 
imum—i.e., when it is equal to either the latitude of the 
target direction (as in Fig. 5) or the latitude of the launch- 
ing site, whichever is larger. 

(2) When the latitude of the launching site is equal to 
or less than the latitude of the target direction, this 
benefit is independent of the launching site location. 

We can also conclude that, even though the location 
of the launching site for any particular mission does not 
matter as long as its latitude does not exceed that of the 
target, nevertheless the most favorable location for 
all missions is at the equator. 

This is particularly important if we remember that 
the target latitude varies with the seasons of the year. 
If we intend to fire in the plane of the ecliptic, for in- 
stance, the target latitude will be +23'/,° at solstice 
and 0° at equinox. 

Having entered the closed departure orbit in A, we 
leave it in H to go into the escape hyperbola. The final 
velocity impulse given in H is 


AVan = 'V 2V.? + Ve (1) 


where V, is the velocity in the circular orbit and V., the 
required hyperbolic excess velocity. 
The above expression assumes a cotangential trans- 
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Fic. 7. Transfer impulse from ellipse to hyperbola—coplanar. 


fer which is the most efficient. It follows that H is the 
perigee of the hyperbola, and therefore the arc HT is 
the angle between the asymptote and the major axis. 
This angle is 


@ = arc tan [(V./V,.) V(V./V.?2+ 2] (2) 


We see that H is located at a definite longitude in the 
closed orbit, and it now becomes clear that 

(1) The closed orbit is a necessity and—as stated 
before—not merely a convenience. We must reach 
the point H before we can transfer to the escape orbit. 
(2) The closed orbit should be a circle and not an 
ellipse since in an ellipse the velocity at point H would 
be less than circular and the acquisition of escape 
energy therefore would be less efficient. 


DEPARTURE FROM ELLIPTIC ORBIT—COPLANAR 


Transfer from an elliptic closed orbit to a hyperbola 
is nevertheless at times a necessary maneuver. Fig. 6* 
indicates how the transfer point wanders away from the 
perigee P when the angle between the major axis and the 
target direction deviates from the optimum. Transfer 
has been assumed to be cotangential in order to comply 
with optimization rule number one. 

The penalty incurred in terms of increased velocity 
impulse required for transfer from a point other than 
perigee is shown in Fig. 7 for a typical example. In this 
example the ellipse was assumed to have an eccentricity 
of 0.8, which results in an apogee distance of nine times 
the perigee distance. It was further assumed that the 
hyperbolic excess velocity was 40 per cent of the circular 
velocity at perigee: V. = 0.4V,. This is roughly the 
magnitude required for travel between Venus, earth, 
and Mars when the perigee is taken as close to the planet 
surface as practical (same as in the circular orbit case). 
For these particular numerical proportions, the ve- 
locities in the ellipse and hyperbola are given by 


* See page 45. 
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= V, V(2rp/r) — 0.20 


| 


V, = Ve W(2rp/r) + 0.16 


where 7 is the distance to the center of the planet and 
rp the perigee distance. 

The difference is the velocity impulse required for 
transfer 


AVan/Ve = V(2rp/r) + 0.16 
V (2rp/r) — 0.20 (3) 


This ratio is plotted in Fig. 7 against the angle ¢ be- 
tween target direction and major axis (the latter was 
obtained graphically). 

The minimum and maximum occur at perigee and 
apogee. Substituting r, and r4 = 9r, for r in Eq. (3) 
yields 


(A Ven)P 
(A Ven) A 


0.128 V, 
0.469 V, 


The question may be raised whether it is justifiable 
to restrict the investigation to the case of cotangential 
transfer only. The analytical optimization of non- 
cotangential transfers is extremely involved and does 
not look promising as to improved results. It was 
therefore not attempted. The following alternate 
methods were investigated. All but Method D— 
which incidentally is cotangential—were found to be 
inferior. 


Method A 


The required hyperbolic velocity is imparted at the 
most efficient point of the ellipse—namely, perigee. 
The resulting asymptotic flight direction makes an 
angle ¢p with the major axis. In the example of Fig. 
7, ¢p = 150°. Ata “very large’’ distance from the 
planet the velocity vector V.. is rotated into the de- 
sired angle ¢p. This requires an additional velocity 
impulse of AV = 2V, sin (@p — ¢)/2. 

The total velocity impulse for the maneuver (as- 
suming V.. = 0.4 V,) isthen 


AV = AVa, + |2V. sin (6p — ¢)/2| = 

[0.128 + |0.8 sin (¢p — ¢)/2|] V- 
It is plotted in Fig. 7 ascurve A. 
Method B 


Only parabolic velocity is given to the ship at perigee. 
At a “‘very large’’ distance, the velocity with respect 
to the planet becomes zero. At this point the impulse 
AV = V, is given in the desired direction. The total 
velocity impulse for this maneuver is 


AV = (V,)p — + Vu 
= (V2 — 1.342 + 0.4) V. = 0.472 V. 


It is shown on line B in Fig. 7. 


Method C 


At some point X on the ellipse, impulse is applied to 
change the trajectory into a circle. The circle is fol- 
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lowed up to a point Y (Fig. 7) where the final impulse 
tohyperbolic velocity isgiven. Y is chosen in such fash- 
ion that the desired direction of the asymptote is 
achieved. Analytical optimization was performed to 
find the best location of X. It was found to be at 
apogee. Line C in Fig. 7 shows the required total 
impulse. 


Method D 


The most efficient method was found to be a co- 
tangential one. Like Method A it tends to divorce 
completely the energy-producing impulse from the 
impulse that produces only change in direction. It 
involves, however, a more complicated maneuver, 
inasmuch as thrust has to be applied four times. 

At perigee P the velocity is increased to a value short 
of parabolic by a tangential impulse AV, (Fig. 8). The 
resulting ellipse has an apogee at A. AV2 brings the 
velocity to circular. The ship now follows the circular 
arc AA; = gp — ¢. At point A; the velocity is reduced 
by AV; = AV2so that the ellipse A,P; is equal to ellipse 
AP. When perigee P, is reached, increment AV, will 
change the path into the hyperbola of the required 
velocity and asymptote direction ¢. 

The resulting total impulse AV; + AV; 4- 2AV2 ob- 
viously depends on the apogee distance OA chosen. 
The curves Dos, Dso, Dz, and Dio in Fig. 7 corre- 
spond to apogee distances of 25, 50, 75, and 100 times 
the perigee distance OP. 

The quantity AV; + AV, = AV, the optimum 
transfer impulse from the original ellipse at perigee 


AV. + AV; = 2AV2 = 
2V.{V2/[Ra (Ra + 1)] — V11/Ra} 


where J’, is circular velocity at perigee and Rg = OA + 
OP. 

The maximum gain in impulse over the direct trans- 
fer method is 0.17 V,.. This may well justify the com- 
plication of the maneuver. It is envisaged that in early 
interplanetary expeditions it will not be known in ad- 
vance how bad an angle ¢ we will have to cope with. 
In this case it would be wise to plan on taking advantage 
of all or part of the possible 0.17 V, gain in order to re- 
duce the mass ratio required. We would have the 
assurance of being able to return from the worst condi- 
tion but would not have to resort to the complicated 
maneuver if conditions were favorable. 

In starting from a surface launch, the closed depar- 
ture orbit should be a circle, as stated before. The 
elliptic orbit of departure comes into the picture 
only when the mission consists of circumnavigating a 
planet without landing. It offers a decided advantage 
over the circular orbit. Introducing the value V. = 
0.4 V, into Eq. (1), we find the necessary impulse for 
capture into or return from a circular orbit: 


AVa = V. V2 + 0.16 — V. = 0.470 


Table 1 compares the total impulse required for the 
circle and the ellipse of eccentricity 0.8: 


TABLE 1 
Most Least 
Favorable Favorable 
Circle Ellipse Ellipse 
Arrival 0.470 V. 0.128 V. 0.128 
Departure 0.470 V. 0.128 V. 0.300 
Total 0.940 V. 0.256 V. 0.428 V. 


Capture into the ellipse would be made at perigee. 
The least favorable case is where, at the time of de- 
parture, the major axis of the ellipse has turned 1n such 
an orientation as to compel us to resort to the compli- 
cated maneuver described above. Even then, the ad- 
vantage over the circular orbit still amounts to some 
1/2 V,.. This corresponds to a reduction in size of the 
vehicle required for the mission by a factor of 2 or 3, 
even for today’s best chemical propellants. 

Eccentricities larger than 0.8 would yield a further 
decrease in impulse. They would be undesirable from 
the observational standpoint, however, since they 
greatly shorten the proportion of orbital time spent in 
close proximity to the planet. 


DEPARTURE FROM PRECESSED CIRCULAR ORBIT 


Hyperbolic and closed orbits of arrival will always be 
coplanar. We may assume that this will also be the 
case for orbits of departure from surface launch. Un- 
fortunately, when we leave from a closed orbit that has 
been established around a planet for any length of time, 
the plane of this orbit probably has precessed, so that 
it no longer contains the target direction. If at the 
time of arrival the target direction is at 45° to the 
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Fic. 8. Coplanar transfer from elliptic to hyperbolic orbit with 
rotation of perigee. 
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Fic. 9. Transfer from precessed circular orbit to hyperbola. 
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Fic. 10. Transfer impulse from precessed circle to hyperbola. 
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Fic. 11. Transfer from precessed elliptic orbit to hyperbola. 
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equator, it is possible for the orbit to precess to the ex. 
tent that its plane will be at right angles to the target 
direction at the time of departure. It was shown earlier 
that this might be the case for a waiting orbit around 
Venus. 

Various departure maneuvers are possible to cope 
with this situation. We shall first treat the case of the 
circular orbit (velocity being V.). Fig. 9 represents a 
sphere concentric with the planet O on which all closed 
orbits have been projected as well as the target direction 
T. The target makes an angle. = are TC with the pre- 
cessed orbit APC from which the departure maneuver 
starts. 


Method A 


Cotangential transfer from the circle into the hyper- 
bola is made at a point in the orbit such that the 
asymptote will make the smallest possible angle with 
the target direction. This minimum angle is, of course, 
equal to t, the angle between target T and the orbit 
plane APC. At a “very large’’ distance from the 
planet, the hyperbolic velocity vector V... is rotated into 
the target direction. The total velocity impulse required 
for the maneuver is 


AV = V2V2 + — Ve + sin (0/2) 
Adopting again for an example V., = 0.4 V., this be- 
comes 

AV = V.[V2.16 — 1 + 0.8 sin (1/2)] 
This value is plotted as curve A in Fig. 10. 


Method B 


Cotangential transfer from the circle to a parabola. 
At a “very large’ distance, create from zero veloc- 
ity. Total impulse is 


AV = V2V.— Ve+ Va = 
V.(V2 —1+0.4) = 0.814 J, 


Line B in Fig. 10 represents this value. 


Method C 


Here we first rotate the circular orbit into a plane 
PTA containing the target direction. This will re- 
quire the least impulse when the tilt angle a is at a 
minimum—i.e., when a = .v. This means that the 
point P, where tilting thrust is applied, is at 90° from 
point C. From the new circular orbit PTA, a co- 
tangential transfer into the desired hyperbola is exe- 
cuted. 

The total impulse for V.. = 0.4V-,is 


AV 


sin (1/2) + V2V2 + Va? — Ve 
= [V2.16 — 1 + 2sin («/2)]V. 


The result is plotted as Curve C in Fig. 10. 


Method D 


Again the orbital plane is rotated to contain the target 
direction. This time, in order to facilitate rotation, a 
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tangential impulse AV is first applied at point P. This 
results in an elliptic orbit PCA (shown only in pro- 
jection in Fig. 9). If we choose an ellipse of eccen- 
tricity 0.8, then AV; = 0.342 V,, and the velocity at 
apogee is V4 = 0.149 V,. Arriving at apogee A, we 
apply the tilting impulse AV. = 2V4 sin (a@/2), and 
we are now in the ellipse AHPT. At the proper point, 
H, the tangential impulse AV; is applied to transfer the 
orbit into the desired hyperbola with asymptote 
parallel to OT. AV3 can be taken from the curve of 
Fig. 7. 

An optimization process is required to find the best 
location of perigee P. When arc CP = 90°, then 
a = cand AV, = minimum. The angle ¢ = arc PT 
between the target, and the major axis is then 90°. 
From Fig. 7 it can be seen that this is far from the mini- 
mum condition for AV3. On the other hand, when arc 
CP = 180°, then ¢ = 180° — : and AV; is favored, 
but a = 90° and AV>2 is extremely large. 

From spherical trigonometry the angles ., a, and ¢ 
are tied together by the relationship sin ¢ = sinu + 
sin a. From this and Fig. 7 an optimization was ob- 
tained by cross-plotting a vs. AV; + AV: for various 
values of t. 

The resulting total impulse AV; + Al; + AV; is 
shown as curve D in Fig. 10. © 

It should be noted that the angle ¢ never needs to be 
less than 90° nor more than 180°. It will therefore 
not be necessary to resort to the complicated maneuver 
of Fig. 8. 

Method D is the most efficient for target inclinations 
up to 80°. It is interesting to note that in the worst 
case of precession, where the target is at right angles to 
the orbit, Method B (the ‘‘parabola method”’) is best. 
Therefore, the highest that the required total velocity 
impulse can be is AV = 0.814 V,. 


DEPARTURE FROM PRECESSED ELLIPTIC ORBIT 


The orbit eccentricity is again taken as 0.8 and V, 
= 0.4 V,.. The apogee and perigee velocities of such 
an ellipse are V4 = 0.149 V, and Vp = 1.342 V.. 

Method A can be dismissed as inefficient. Method 
B—the parabolic method—yields 


AV = V2V.— Vp+ V. = 
V.(WV2 — 1.342 + 0.4) = 0.472Ve 


Methods C and D of the circular case combine into 


one. Fig. 11 shows the orbits projected on a sphere. 
The case is different from that of Fig. 9 in that we are 
no longer free to make the choice of the apsides of the 
elliptical orbit. The apogee A; is given to us. There- 
fore, rotating of the original orbit plane A,BB’C into 
the plane P,BTA.B’ containing the target need not 
necessarily be done at apogee. Optimization has to be 
done not only for various values of the inclination « but 
for various perigee locations for each value of t. 


Method E 


For extremely unfavorable locations of the target 
with respect to the perigee, the following maneuver 


TABLE 2 
Most Most Least Least 
Favorable Favorable Favorable Favorable 
Circle Ellipse Circle Ellipse 
Arrival 0.470 Ve. 0.128 V. 0.470 V. 0.128 V. 
Departure 0.470 Ve. 0.128 Ve. 0.814 V. 0.472 V. 
Total 0.940 V. 0.256 Ve. 1.284 V. 0.600 V, 


(somewhat similar to that described in Fig. 8) can be 
used to good advantage. 

At apogee A, of the original ellipse an impulse AV, is 
applied. This not only rotates the orbit but gives it 
circular velocity. We proceed from A; to A» along a 
circular orbit. Point A» is chosen at the favorable 
distance 180° — ¢p from point T, at the same time 
attempting to minimize angles a; and a2, At A» im- 
pulse AV2 rotates the orbit into the plane TA2P»2 and, 
at the same time, gives the ship apogee velocity. The 
ellipse A:B’P2 is now followed to perigee P2 where im- 
pulse AV; establishes hyperbolic transfer. 

Optimization of methods D and E is beyond the 
scope of this paper. However, we know that the total 
velocity impulse for departing from a precessed elliptic 
orbit at worst cannot be larger than AV = 0.472 V,, 
the latter value being that for the “parabolic method.” 

We can now again compare the circular and elliptic 
orbits for circumnavigation without landing (Table 
2). 

The two least favorable cases are the ones that must 
be compared since the worst condition is one for which 
an expedition has to be prepared. The difference in 
impulse is 0.684 V., which is even larger than for the 
case of coplanar departures. 

It should be noted that the elliptic waiting orbits are 
acceptable only when no landing is contemplated. In 
case of a landing, the fuel and cargo required for the 
return trip still should be stored in a satellite orbit. 
This orbit, however, must be circular since it will re- 
quire less energy to rejoin it from the return trip sur- 
face launch. The amount of fuel that has to be landed 
and taken-off again will thus be minimized. 


RETURN TO EARTH 


The return to earth is an exception to this since no 
subsequent take-off is contemplated. Here capture 
from the return hyperbola at perigee requires a velocity 
impulse AV,, = 0.470 V, for a circular orbit as against 
only AV,. = 0.128 V, for capture into an ellipse of 
eccentricity 0.8. 

The difference, 0.342 V., amounts to some 9,000 ft./ 
sec. which, even with the best available chemical pro- 
pellants, corresponds to better than halving the re- 
quired weight. We do not halve just the weight of the 
return configuration, but indeed all weights involved in 
the entire expedition are halved. 

The elongated capture ellipse will probably be used 
only for planning purposes. That is, we have to plan, 
when the expedition leaves the earth, on having suffi- 
cient fuel aboard to be able to cope with the most 
unfavorable situations we may encounter during the 
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trip and still have enough left over upon return to 
effect capture into the ellipse. In all probability in the 
actual trip we will not encounter conditions which are 
uniformly adverse. Reserve fuel will, therefore, be 
available upon return which can be used to reduce the 
eccentricity of the ellipse or even to make it a circle. 

The concluding maneuver of the interplanetary trip 
is to get the payload out of the capture orbit and back 
to earth. The most efficient way of doing this is to 
transfer to a ferry vehicle launched from the earth’s 
surface after the capture orbit has been established. 
The ferry vehicle will be specifically designed and instru- 
mented for this specialized mission. Its returning stage 
must have a configuration capable of atmospheric 
re-entry. 

The objection can now be made that a ferry vehicle 
capable of intercepting a ship in an elliptic capture or- 
bit has twice the weight of that required for circular 
capture. This is true, but doubling the weight of the 
ferry is cheap compared to doubling the weiyht of the 
entire interplanetary expedition. 

Two alternate methods for terminating the return 
trip have at times been suggested. Both of them are 
deemed inferior. 

(1) The spaceship returns to a ‘‘way station’’ satel- 
lite permanently established in a circular orbit. By 
this process, not only would we lose the advantage of 
the elliptic capture, but the permanent orbit would al- 
most certainly have precessed away from the direction 
of the arriving spaceship. Instead of the elliptic cap- 


ture impulse of 0.128 V,, the capture into a precessed 
circle may cost as much as 0.841 V,. The difference— 
0.713 V, or approximately 18,000 ft. /sec.—would mul- 
tiply the starting weight of the expedition by a factor 
of 4. 

If a permanent station happened to be already in 
existence, if its precession angle happened to be small 
at the time of arrival of the spaceship, and if it still had 
sufficient reserve fuel, this maneuver would probably 
be preferred over launching a special intercept ferry. 
But most certainly the expedition should not be planned 
from the outset with return to a way station in mind. 

(2) Atmospheric braking is often recommended as a 
great energy-saver. Unfortunately this method in- 
volves carrying a re-entry vehicle for the entire inter- 
planetary trip. 

A rough estimate indicates that the additional weight 
of a re-entry glider would increase the launching weight 
at the start of the expedition by an amount equal to 
several times the capture ferry vehicle that is elimi- 
nated in the process. 

Furthermore, if atmospheric braking is to start from 
hyperbolic or high elliptic velocities, this maneuver 
would require extremely precise trajectory control. 
An error in altitude on arrival of as little as 10,000 ft. 
could easily destroy the vehicle by aerodynamic heat- 
ing or kill the crew by excessive deceleration. 

If to relax this situation we restrict air braking to 
near-circular velocities, the enormous weight advantage 
of elliptic capture is lost. 
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This paper presents a refinement 
in the structural analysis dictated 
by the flutter requirements. 


Loss of Torsional Stiffness Under Load 


Lloyd E. Hackman 


North American Aviation, Inc. 


Tins NECESSITY for developing the 
method discussed in this paper evolved from obvious 
inaccuracies of the flutter analyses when applied to 
certain structures. Flutter analyses to the present 
time have assumed no change in torsional stiffness, 
or that change was negligible. When unexplainable 
inaccuracies presented themselves, static tests were 
performed to investigate possible changes of torsional 
stiffness under load. From the static test data it was 
evident that losses of GJ did occur under load. A par- 
alleling effort to derive an analytical method for pre- 
dicting loss of GJ was also initiated. The derivation 
of this method is described in detail in this paper. A 
comparison of test results with analytical predictions 
is made and shows satisfactory agreement within the 
accuracy of the tests performed. 


BUCKLING LOSSES 


The first step in the analytical solution was to investi- 
gate an unbuckled shear panel under combined shear 
and direct stress. In the analysis of the panel deflected 
under shear, it is possible to show an increase of shear 
stiffness under tension and a decrease in shear stiff- 
ness under compression as shown in Sketch A. 

The shear component of +a is: 


+o(7/G) = +Ar = 7 + Ar 


Stora = [(7 + Ar)L\/G, Stotal = 5+ Ad 


SKETCH A. 


Mr. Hackman is a Senior Structures Engineer in the Struc- 
tural Development Group, Columbus Division. 


SYMBOLS 


effective stringer area, in. 
stringer area, in.? 

panel length, in. 

panel width, in. 

length, in. 

Young’s Modulus, #/in. 
shear modulus, #/in.? 
torsional stiffness constant, in.‘ 
buckling constant 

length, in. 

shear flow, #/in. 

radius of curvature, in. 
compression stress ratio 
shear stress ratio 

web or panel thickness, in. 
shear deflection, in. 

stress ratio, o/r 

angle of rotation-radius 
normal stress, #/in.? 
shear stress, #/in.? 


Subscripts 
cr 
Ss 
T 


compression 
critical stress 
shear 
tension, total 


Assume 


+ (A8/5) = + [G/(G + AG)] = + (Ar/7) 
AG = G + AG[ + (Ar/r)], AGAris neglectible 
+ Ar = = +e 


This positive or negative increase of shear stiffness may 
be put into graphical form (Fig. 1) by using the follow- 
ing equation: 


* AG = +o, o =(e/r)t, o/r=7 


per cent increase = *(AG/G) 100 = (+¢/G) 100 = 
(100/G)nr G = 4,000,000 


per cent increase = 25 X 10~®yr (1) 


The increase or decrease thus presented represents 
little or no change in the stiffness. Due to the buck- 
ling of the skins, a factor which has not been considered 
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Fic. 1 (top). Change of shear modulus for unbuckled panels. 
Fic. 2 (bettom). Modulus ratio for elastic web (reference 1). 


to this point in the paper, an additional loss in G, takes 
place. This change in G is the greatest loss incurred. 
The equations for predicting the loss of G are derived 
in the following discussion: 

In the analysis of this condition, it is first necessary 
to determine the shear stress at which shear buckling 
will occur. Any of the standard equations may be 
adapted for this purpose. In this paper an empirical 
equation derived by Kuhn and Levin’ will be used. 
The equation is as follows: 

300 < (R/t) < 600 Ter = 0.1 E(t/R) X 
[1.15 + 45 (100t/R)*] + 6.44 (t/b)? [1 + 0.8(b/a)?] 
(2) 
(R/t) > 600 Ter = 0.115E(t/R) + 
6.4 E(t/b)* [1 + 0.8(b/a)*] (3) 
From this equation 7,, can be calculated for either 
flat or curved panels. A combined stress 7,, can then 
be calculated from a combined stress relation appro- 
priate for the panel condition. For instance, if we 
would use: 


R2+R2 = 1 
6.4 [1 + 0.8(b/a)?] = 7.5, and K, = 6.2 
K,/K, = 1.21 (¢ep/oer) = 1.21, 9 = (0/7) 
Write R, in terms of R,. 


Assume K, 
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3 c/re0 
* Tension 
Compression 
a. 
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i. 
Shear Stress (T) 
le 
Ive = Effective ‘arer Area 
d = Spiffener, Spacing 
2 n_ Thickness oo 
SS 
60 ee T 
250 
1/2... 


R, = 1.21 nR, 
+ 1.467? R22 = 1, R,2 (1 + 1.46n’) = 1 


R, = V1/(1 + 1.4692), teR, = te combined (4) 


The ratio r/7,, combined can now be calculated, 
After determining 7/7,, as being greater or less than one, 
the following equations can be used to determine per 
cent increase or decrease of G. Where compression is 
negative and tension is positive: 


t/Te <1, per cent increase = 25 X 10-6 nr (1) 


1 < 1/7, < 10, percent increase = 
25 X — — req) (5) 


t/Ter > 10, per cent increase = 
25 + nz — 100 [1 — 


Equations (5) and (6) were derived by the writer to 
describe the loss of G caused by buckling and are based 
on the curves of Fig. (2) of reference (1). 

Because of the fact that the skin picks up very little 
stress after buckling occurs, the question arises as to 
what normal stress value should be used in this process 
to give accurate predictions of the change in G. To 
remedy this, static test data were used to establish an 
effective o for the panel. This was found to be the 
average stringer or cap stress across the panel. Al- 
though the use of this stress seems unreasonable at first 
sight, it must be remembered that the strain present in 
the caps and skin represents the stress and is indicative 
of the degree of buckling present. By then inserting 
the average o and the panel shear stress 7 in the method 
derived, accurate predictions of torsional stiffness losses 
were made for several horizontal stabilizer configu- 
rations. 

Utilizing this method, it was possible to derive the 
shear stiffness for each individual panel. With these 
values determined, it was then necessary to calculate 
the torsional stiffness (GJ) for any cross section. The 
torsional stiffness of a section in which a loss of G had 
occurred was calculated by standard closed section 
methods, but the minimum effective G was used in the 
computation. The GJ thus calculated represented the 
greatest portion of the total GJ. The remaining por- 
tion of the GJ was that of an open section, and was 
calculated with a (Gmar — Gmin). This portion of the 
GJ is trivial for thin airfoil surfaces and can be con- 
sidered negligible. However, for a fuselage or a thick 
or multispar structure, it may not be neglected. 
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A further expansion of this analysis into the problem 
of thermal stress and the effects of temperature on the 
stiffness parameters of a structure can be accomplished 
with little change. The original data required to per- 
form the analysis must now incorporate the thermal 
stresses Superimposed upon the bending and torsional 
stresses caused by a given loading condition. These 
stresses used in combination with the reduced elastic 
properties of the material will produce a reduced tor- 
sional stiffness under a thermal and static loading con- 
dition. Other thermal effects which will not be ex- 
panded on here must also be taken into account. A 


discussion of these effects can be found in reference 3. 


APPLICATION OF THE ANALYSIS 


The loss of torsional stiffness as analyzed in the pre- 
ceding discussion has varied effects on an aircraft type 
structure. The method of application of this analysis 
will be determined by the degree of accuracy required 
and the structural effects to be accounted for. Ap- 
pendix 1 presents the method of analysis used to deter- 
mine the effect of load on torsional stiffness directly. 
This analysis is sufficient as a preliminary estimate of 
the situation and can be performed with a minimum 
loss of time and effort. A more refined method of per- 
forming the discussed analysis is to incorporate it into 
an IBM program for analyzing the general aircraft 
structures problem. At the present time, most air- 
craft manufacturers have an IBM program for the 
computation of stresses in the general aircraft type 
structure. The discussed analysis is well suited for 
incorporation into such a program for the refinement 
of both the structural analysis itself and the loss of tor- 
sional stiffness. For further refinement, a correction 
for bending stiffness can also be incorporated into the 
program. With the stiffness corrections derived from 
the previous run, the program can be rerun until con- 
vergence is evident. The result isa more correct stress 
analysis since it displays the effects due to loss of struc- 
tural stiffness. 


DISCUSSION OF TEST RESULTS 


Tests were run to establish torsional stiffness loss 
data for comparison with the discussed analytical 
analysis. These tests were performed on several 
configurations of a production horizontal stabilizer. 

The analytical analysis compared very closely with 
results obtained from the static tests. A comparison 
of one of the stabilizer configurations is given in Fig. 5. 
The different horizontal stabilizer configurations con- 
sisted of modifications of the production stabilizer 
by adding extra ribs and a heavier skin. Losses for 
these modified configurations were first predicted by 
the analytic method and then tested for comparison. 
The results of these comparisons were within the accu- 
racy of the tests as were those of Fig. 5. 

An actual flutter test of the production horizontal 
had been performed by sled tests of the full scale sta- 
bilizer previous to the development of the discussed 


50) 
e 40 
30 
£ 
8 20 
3 
3 
10 
10 20 30 40 50 0 70 80 


50 


40 


Test Points 


8 Calculated 


w 


(Average Loss Inb'd.) 
8 


4% 'Loss of Torsional Stiffness 


10 20 30 40 
Stab. Sta. ine 


Fic. 4 (top). Percentage loss of torsional stiffness vs. stabilizer 
station from results calculated in Table 2. 
Fic. 5 (bottom). Comparison of test data with calculated data. 
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analysis. There had also been a case of flutter on a 
test airplane with the same stabilizer configuration. 
In comparing the flutter speeds obtained on these occa- 
sions, a discrepancy was observed. The speed at which 
flutter had occurred on the airplane was considerably 
higher than the speed at which it occurred on the sled 
tests. This discrepancy remained unexplained, except 
as a parameter between sled tests and the actual flight 
conditions, until the loss of torsional stiffness study was 
begun. At this time the recorded loads from the two 
flutter cases were used to calculate an effective GJ at 
the time flutter occurred. Upon putting these new 
data into the theoretical flutter analysis, a difference 
of flutter speed for the two cases was predicted within 
engineering accuracy of the actual difference. 

Based on these comparisons, it is felt that the dis- 
cussed analysis is a very good tool with which the struc- 
tures engineer may predict with greater accuracy the 
structural stiffness of any given aircraft type structure. 


BENDING LOSSES 


The problem of torsional stiffness loss due to rib 
bending has become most prevalent since the advent 
of the flying tail as used on high-speed aircraft. This 
loss has been considered to some extent in the past for 
structural and flutter analysis. The considerations 
to this time have, in general, been those of assuming a 
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Fic. 6 (top). Diagram of equivalent structure. 
Fic. 7 (bottom). Rib bending loss of GJ vs. stabilizer station. 


decreased torsional stiffness or using stiffness data de- 
rived from vibration tests. The aforementioned 
method has proved to give calculated data from vibra- 
tion analysis matching that data obtained from vibra- 
tion tests. The design engineer still has the problem 
of assuming stiffness values. A more accurate and 
simple way of predicting stiffness losses caused by rib 
bending is a necessary tool of the design engineer who 
has no actual structure to work with. 

With this problem in mind, static tests were initiated 
to obtain stiffness losses caused by rib bending in a 
flying tail type structure. In conjunction with these 
tests a theoretical analysis was initiated in an attempt 
to predict the extent of rib bending losses theoretically. 
This theoretical analysis is based on a shear-lag method, 
the solution to which was accomplished on the IBM 
704 computer. It is based on the assumption that a 
shear flow placed around the close out rib will be par- 
tially redistributed outboard to other ribs. This re- 
distribution is carried out by shear lag methods.‘ A 
simplification of the structure involved may be neces- 
sary as shown in Fig. 6. The fixity of the panels and 
stringers along the aft edge is due to the heavy carry- 
through structure. The rib webs are fixed to account 
for the symmetry of the structure. First equilibrium 
equations are written for the stringers (Fig. 3). 

By equating the panel shear strain and the stringer 
normal strain for any increment we derive the following 


56 Aero/Space Engineering + October 1958 


equations: 
Stringer 1 and Rib Web 1-0 
dry dy/G = —(0,/E)dx_ ..(dt/dx) = Goi/E dio 
Stringer | and 2 Panel 1-2 
= —[(o1 — o2)/E) \dx = 
(G/E dy) (01 — 0) 


etc. This is done for each combination of stringers 
and shear panels to obtain a total of seven equations 
in dr/dx. These seven equations in dr/dx are differ- 
entiated and the equilibrium equations substituted in 


for da/dx in each case. This results in seven second . 


order differential equations as follows: 


d? = —123(Gte3/AsE dy) + 
dy) + dy) (7) 


= dy) + 
T4(Gtyo/AsE dy) (8) 

d? t9/dx* = dy) + 
129(Gtoo/A2E dx) + 723(Gto3/A2E dx) (9) 


d? = +71 (Gtw/AiE dw) + 
t12(Gh2/AiE dio) — gr(G/AiE dy) (10) 


d? T2/dx? = 710(Gty/AiE dy) 
712(Gti2/Edy) [((1/Ai) + (1/A2)] — 
29 (Gloo/A2E diz) — 123(Gte3/ArE diz) — 
dr (G/A\E dy) (11) 


+ T20(Gtoo/A2E des) + 
[(1/A2) + (1/A3)] — 


d? 134/dx? = — 123(Gto3/A3E dss) + 
(1/A4)] — (Gti /AsE dys) (18) 


The boundary conditions used in the solution of these 
equations are as follows: 


t23/dx? 


To = 73 = To = Tro = T33 = Tu = 0, atx = L 
710 = QR/ty» atx = 
dty/dx = dtm/dx = dty/dx = dta/dx = 
dt12/dx = d23/dx = dr34/dx = 0, atx = 0 


The results given in Appendix 2 were derived from 
the above solution for rib bending. Transforming these 
bending deflection values into angles of rotation is the 
next step to the final solution for the effective reduction 
inGJ. By imposing these angles on a curve of angular 
rotation versus span for the surface, new GJ values 
can be calculated from the slope of this curve in the 
effected area. Reductions in area under the GJ curve 
from calculated data compared very closely with re- 
sults obtained during vibration and static tests. The 
only discrepancy in agreement between the three groups 
of data is the distribution of the area, and only the 
vibration tests disagree on this point. 


DISCUSSION OF TEST RESULTS 


A production stabilizer used in the preceding tests 
for loss of torsional stiffness caused by buckling was 


are 
Outboard 
= 
Rib Web Rib Web 
— 
i= 
| 
u 
(Gt /A3E des) (12) 


again used to establish rib bending losses. Another 


TABLE 1 
approach to the tests was used to isolate the rib bending mm : : a 
s More data on rib bending losses were derived from 36.0 10330 1720 —28200 1940 
vibration tests in conjunction with a vibration analysis ag ae = “eee oo 
of the structure. A reduced GJ curve was predicted 
by trial and error which, when put into the theoretical 
a2) analysis, produced vibration data which compared APPENDIX 2 
very well with the vibration tests. Results of these The results of the IBM solution were used to calculate 
dite two test methods are compared in Fig. 7 with the shear flows in the ribs. The shear flows thus calculated 
lions theoretical values calculated in Appendix 2 of this were used to calculate rib bending moment and deflec- 
pate paper. This comparison shows good agreement be- tions. The deflections are used to calculate the effective 
lin tween the static test and calculated effective GJ. rotation of the ribs. These calculations are accom- 
ond . The agreement of the data derived by the vibration plished by taking the results of the simplified structure 
tests is good, as far as overall percentage loss in area and placing them on the original structure. The re- 
under the GJ curve, but does not agree with the dis- sulting GJettective Will be compared with test results. 
(7) tribution of this loss netenal From these eee Deflections at the leading edge of the ribs were cal- 
it is evident that the discussed analyses are satisfactory culated, resulting in: 
for use by the design engineer to establish the basic ¥ : a 
(8) configuration of the structure until a future time at Sta 11.06 = 0.15135 in., Sta 17.06 = 0.08057 i 
which he can prove the design by static tests. Sta 23.53 = 0.01128 in., Sta 36.00 = 0.001046 in. 
(9) The effective rotations are then calculated as: 
APPENDIX | 
Sta 11.06 = 6/L = 0.15135/23 = 0.00658 rad. 
10) Stresses are given for a maximum symmetrical bend- 17.06 0.00350 
ing condition with the upper surface in tension 23.53 0.00049 
(Table 1). 36.00 0.000045 
Equations 1 through 6 derived in this paper express- h ‘ 
- ing the loss of torsional stiffness caused by buckling are GJ of — ween losses from Sta 11.06 to 17.06 = 
) arranged into tabular form and the results are put down 141 X 10®Ib.in. 
+ in Table 2 for the loading condition described in Table T = 44,000 in.# 
1. toss = 911.06 — 917.06 
12) The results of Table 2 are plotted in Fig. 4 as the 
loss of GJ vs. stabilizer station. These results were toss = 9.00658 — 0.0035 = 0.00308 rad. 
transformed into average per cent loss of GJ inboard 6, = TL/GJ = (44,000 X 6.0)/(141 X 10°) = 
3) vs. stabilizer station for comparison with the test data 0.00188 rad. 
as shown in Fig. 5. (Continued on page 64) 
TABLE 2 
lela 
oe #1) 6. 2 x x 
or 
0 | | on | 6 15 oo | .27 1.32 | 8-45 | | 15400 | 5.33 1.36 | 0525 | | 137 
-26700 | 5010 2081 6.5 1.25 8.00 2000155 | 12400 533 1.33 50.4 20195 2140 
se -26950 | 3475 | 12.5 20 1.50 | 9660 | | 4030 7.76 1660 | 154.0 | .00645 | .0804 
he -23350 1535 | | 28 1.464 | 1065 | .000031 | 3250 15.2 1.75 | 708 | .0376 
on ig -15100 | 7 081 | 26 1.72 | 11.0 | .000031 | 3420 19.6 1.83 | 1290 | .000775| .0278 
ar -5350 | 205 We5 oo | 1.72 | 12.0 | 000031 | 3750 2642 1.83 | 2280 | .000439| 
7965 
es 
he i< fee 10 7717 cr > 10 
ve @ 2) | 6 |e @ 25 @ ® @ 
1e 
DS 1.0 
2110 2.37 -067 1.8 1.118 12.2 712.9 
17.0 
| 22 1.392 | -.1058 | .778 669 | | 
122 12.6 4.35 01096 .758 652 3408 
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= PRANDTL’S 1904 PAPER on 
boundary-layer theory and his demonstration of BLC, 
more than 50 years of research in this field has been 
done.'? Boundary-layer control wind-tunnel tests of 
the 1920 and 1930 years provided the designer with 
promising information. Flight tests of experimental 
suction airplanes proved the high-lift BLC principle.* 
The improvements measured in take-off and landing 
checked with theoretical studies. Furthermore, no 
serious stability and control difficulty was encountered 
with the suction airplanes. 

Consequently the industry undertook the develop- 
ment of BLC airplanes in the 1930's and 1940's. 
Studies on BLC airfoils, ducting, and pumping systems 
resulted in the design concept of spanwise combined 
suction and blowing using jet pumps as an air mover. 
The whole apparatus fitted in the wing aft of the rear 
spar. Two large prototype BLC airplanes with such 
BLC systems were built in Europe.‘~® The end of 
World War II prevented complete flight testing of these 
airplanes. An evaluation of the first of these two air- 
craft in this country recommended the continuation 
of this development.’ 

Suction and blowing tests of the early 1940's resulted 
in C, = 10. Reports of this time give data on trail- 
ing-edge suction, on jet flap models, etc.’ Develop- 
ments of the last 10 years are, for instance, porous suc- 
tion, chordwise combined suction-blowing, and re- 
newed work on the jet flap principle. 

The recent interest in STOL and VTOL concepts 
has resulted in many technical papers.’~'! Mass pro- 
duced BLC transports are predicted in the 1957 report 
for the President's Aviation Facilities Planning Group.” 


BLC TextTsBook Is NEEDED 


In this paper, the general term BLC is used through- 


Mr. Wagner is a Senior Aerodynamics Engineer. 
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After many years of study, a design philosophy for high-lift BLC airplanes has been developed. 


This paper summarizes such a design concept and discusses problems connected with the 


development of BLC STOL aircraft. 


Design Considerations for BLC STOL Airplanes 


Fred G. Wagner 


Convair, A Division of General Dynamics Corporation 


out. Different systems are distinguished by following 
closely the definitions used in reference 13. 

Boundary-layer control can mean in aeronautical 
engineering as much as the vacuum tube in electrical 
engineering. The vacuum tube overcomes the limi- 
tations of ‘“‘passive’’ networks of resistors, condensers, 
and chokes. Vacuum tubes used with passive ele- 
ments make “‘active’”’ systems featuring power input at 
each tube. In this way the electrical engineer ob- 
tains performance unthinkable with passive net- 
works. Following this electrical analogy, BLC changes 
the passive system (conventional airplane) to an active 
system (BLC airplane). The BLC airplane features 
power input into the airflow not only by the propulsion 
engines but also power injection by blowing or sucking 
through openings in the lifting surfaces. 

The electrical engineer uses for the choice of the ap- 
propriate tube such a book as the RCA Tube Manual. 
The aeronautical engineer needs a BLC textbook to 
find exactly the kind of BLC he wants. Since such 
a book is not available at present, the first step in prep- 
aration of such a textbook is the definition and descrip- 
tion of presently available BLC systems. The follow- 
ing arrangements are known as useful or potentially 
useful in the near future. 
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Fic. 1. Definition of the BLC flow coefficient. 


~ 
q 
be 
tia 
1S 
th 
su 
fl 
St 
we: 
/ 
— 
3 | 
= 
} 


ed, 


CONFIGURATION: TRAILING EDGE SUCTION INDUCED BY CONVENTIONAL BLOWING 
PROPOSED BY PROF. H. B. HELMBOLD IN 1956 
STATUS: PROMISING SMOKE TUNNEL TESTS 


BLOWING SLOT 


SUCTION SLOT 
Fic. 2. Chordwise combined suction-blowing. 


Suction Airfoils 


Partial or complete removal of the boundary layer 
by suction on the upper surface results in nearly poten- 
tial flow lift. The sink effect of suction adds further 
to the circulation lift. The basic flow without suction 
is a parallel stream with a doublet and a vortex. The 
Kutta-Joukowski condition of a streamline leaving 
the trailing edge controls the vortex strength. The 
suction superimposes the sink-flow upon the basic flow. 
Therefore, the suction changes the vortex strength 
with the sink strength in accordance with the Kutta- 
Joukowski condition. Suction at the bend from the 
airfoil to the flap is an effective measure to prevent 
flow separation. The lift increment from the sink ef- 
fect is dependent on the suction slot location and the 
suction flow coefficient Cg (see also Fig. 1). 

More theoretical and experimental work has to be 
done in order to predict the total lift of different suction 
systems. Helmbold’s theory on circulation lift'* and 
Ringleb’s study on sink lift!® are samples of the work 
done so far. Considerable work on suction is being 
done in the Ames Laboratories of NACA. Investiga- 
tions under way include theoretical studies and smoke 
tunnel and electrical tank experiments at Princeton 
University. These studies include such new concepts 
as suction on the lower side of an airfoil behind a split 
flap. 


Blowing Airfoils 


Blowing increases circulation lift by suppression of 
flow separation, by jet induction, and by jet momen- 
tum lift. A large number of test results are available. 
The blowing wing theory is still in the development 


phase.'*-'® NACA’s theoretical and experimental. 


work in this field is mainly done at Langley Field. 


Combined Suction-Blowing Airfoils 


The combination of sucking-blowing requires less 
pumping power for a given lift coefficient than all- 
suction or all-blowing BLC. Nose suction (or blow- 
ing) combined with rear blowing (or sucking) is a good 
arrangement under conditions of critical leading-edge 
flow. The French jet pump driven suction-blowing 
system over two rear flaps is flight tested in the 
Breguet BLC Vulture airplane. Porous suction at 
the flap nose with blowing in the rear of the flap and the 
scheme shown in Fig. 2 represent new combination 


systems. Trailing-edge suction combined with blow- 
ing behind a mid-chord split flap (TESBOF) showed 
linear increments of C, with C, (reference 20). 


CORRELATION OF DESIGN DaTA 


The BLC test data consist of Cz, a, Cg, and C,,. 
However, the designer needs C; vs. required air quan- 
tity and pumping power since he has to define duct 
sizes and BLC pumps. Reduction of wind-tunnel 
data to specific air quantities for different wing load- 
ings is shown in Fig. 3. The air quantities for blowing 
depend on the ratio slot width s to wing chord c. The 
blowing quantity can be plotted for s/c = 1. For any 
ratio s;/c, one has to multiply the blowing air quantity 
given for s/c = 1 by afactor V s:/c;. This relationship 
holds true only for incompressible flow. It will be 
shown that optimized BLC systems operate at Mach 
Numbers so low as to satisfy the incompressible for- 
mula C, = 2C9?/(s/c). 

The following equation can be used to determine 
the BLC pumping power (in hp.) required® 


P = (1/550) {Q.qo (mz + .)Co,? + 
QslqoneCog? + (p/2) (V2 — Vor)]} 


W/S=20 LB/SQ FT} 40 60] 80 100 |120 


w 


LIFT COEFFICIENT cp 


AIRFOIL NACA 23015 Sar = 60° 
CONFIGURATION: CUSP SUCTION (SEE FIGURE 4) 
ASPECT RATIO: TWO DIMENSIONAL 


0 


0 1 2 3 4 


REQUIRED SUCTION AIR QUANTITY PER UNIT WING AREA 
Q/S CU FT/SEC PER SQ FT=C, V, 


Fic. 3. Cz vs. Q required for different W/S. 


ORIGINAL CUSP 


1ON 


MODIFIED CUSP 


5 10 15 20 
ANGLE OF ATTACK... DEG 
(SOURCE: GRUODIS, R. AND GREBENSTEIN, E. ERD-829 FAIRCHILD AIRCRAFT DIVISION) 


Fic. 4. Suction wing entrance loss. 
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BLC SYSTEM: ALL BLOWING 
SAMPLE AIRPLANE (SEE FIGURE 7) 


TOTAL PUMPING POWER REQUIRED - HP 


001 002 .003 004 005 
RELATIVE BLOWING SLOT WIDTH -S/C 


Fic. 5 Effect of blowing slot width on power. 


Values of Cz, Cg, and V,; can be obtained from plot- 
tings such as shown in the sample Fig. 3. Loss num- 
bers may be computed from duct experiments.”! Fig. 
4 shows n, numbers plotted vs. angle of attack. Simi- 
lar plottings of all the duct component loss numbers vs. 
wing aspect ratio, duct shape parameters, etc., are 
helpful for power calculations. 

Fig. 5 shows the effect of the blowing slot width (exit 
loss) on the pumping power. Since s/c also controls 
Qs a check on the blowing quantity has to be done. 
For a given C, and C;, changes of s/c affect the jet mo- 
mentum losses from the slot to the trailing edge. In- 
vestigations of this problem are in progress. (Note that 
the blowing wing theory correlates Cy, with Cytraiting edge 
not with 

Refinements of data correlations come from stability 
and control considerations. Conventional designs suf- 
fer lift losses due to trim. If BLC has to be applied to 
the tail additional pumping power is required. On the 
other hand slipstream or jet turning on a BLC wing 
can contribute very high additional lift. 


DESIGN CONCEPT 


Some recent BLC studies show doubtful low-speed 
improvements because of large power requirements. 
Pessimistic assumptions and neglect of possible weight 
savings on the wing, landing gear, etc., have contributed 
to these results.2* These suction or blowing (jet) 
retrofits to existing designs do not show any real 
promise. Only a basically better design concept 
applied at the layout stage leads to practical BLC air- 
planes. 

The chordwise combination of suction-blowing is 
likely to become such a concept once it is further de- 
veloped. The similar spanwise combined systems rep- 
resent a readily usable concept. Spanwise combined 
suction-blowing has advantages of small required air 
quantity and power, as well as simple structure. 

The data and equations discussed above for the all- 
suction and all-blowing BLC can be used for these 
combined systems. The air sucked in at one span 
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portion has to be blown out at another portion of the 
span. Matching of the suction and blowing air quan- 
tities can be achieved by the choice of blowing slot 
width and the ratio of suction to blowing wing area. 
Consider‘ng the simple case of the air volume flux being 
half the flux of all-suction or all-blowing systems re- 
duces the dynamic pressure in the same available duct 
cross section to 1/4. Half the airflow at one quarter 
of the dynamic duct pressure results in 87.5 per cent 
duct pumping power saving [(Q/2) (AP,/4) = P/8]. 

Since the duct losses increase with qguce = (p/2) 
(Q/Sauct)®, the distribution of Q over 2 or more span por- 
tions in the multiple cell systems further reduces these 
losses. The airflow of each cell equals Q of the Arado 
Installation divided by N (number of cells). There- 
fore, the duct losses and pumping power would be 
reduced as 1/N?. The actual power required is 
even smaller, mainly due to the shorter ducts. A re- 
duction factor of 1/N*? was found for several designs. 
With these values, the following comparison was done 
(where Pp is the pumping power required to overcome 
the duct losses) : 

(1) Combined suction-blowing Pp = 12.5 per cent 
of all-suction or all-blowing systems. 

(2) Two-cell system Pp = 2.72 per cent of all-suction 
or all-blowing systems. 

(3) Three-cell system Pp = 1.11 per cent of all- 
suction or all-blowing systems. 

(4) Four-cell system Pp = 0.60 per cent of all-suc- 
tion or all-blowing systems. 

Note that in optimized systems (= total pumping 
power = minimum) the duct losses cause the major 
portion of the total pumping power required. 

For power savings and structural simplicity the 
spanwise combined system represents one basic BLC 
design concept. For safe operation interconnected 
pumps are required. Pumps independent of the pro- 
pulsion engines add to the safety and make equal im- 
provements of take-off and landing possible. The use 
of jet pumps is a natural choice for this concept. The 
reliable jet pumps having no moving parts give higher 
safety even in case of main engine failure. Multiple 
nozzle jet pumps become short enough for wing installa- 
tions. High-pressure hot propellants do not raise the 
temperature or the pressure in the ducts enough to 
cause difficult structural problems. 

A standby system (plenum chamber, rocket fuel, 
etc.) can be installed if so desired for emergency cases 
of simultaneous failure of the prime gas producers. 
The high jet pump entrainment ratio m > 10 makes the 
required primary gas flow relatively small. 

The low jet pump efficiency offsets somewhat the 
low power requirements of the basic design concept. 
Decisive is the total pumping power saving of the jet 
pump driven multiple cell systems (see Fig. 6). Jet 
pump investigations in the planning stage will be 
mainly directed toward achieving a higher efficiency 
than used in this figure. 

The flexible scheme of the suggested jet pump mul- 
tiple cell system can be applied to almost any project. 


h 
T 
ca 
ie | | tur 
spe 
| 497 
| 
| to 
C= 4.48 shi 
| nu 
/ 
si¢ 
lat 
| ca 
th 
© 
a] 
ft 
26 
| 
y TA 


C- 


The required jet pump length restricts the number of 
cells in most wings to four or less. If shorter jet pumps 
can be developed, considerations of weight and struc- 
tural complexity may still limit the number of cells. 
The all-suction and all-blowing BLC may serve as 
special installations for unusual projects. 


DESIGN PROCEDURE 


BLC affects performance and structure of aircraft 
to such an extent that it has to be considered in the 
preliminary design of the vehicle. Parametric studies 
shall include optimized wing (size, AR, critical M- 
number, etc.), BLC effects on jet and slipstream turning, 
stability and control in and out of ground effect, and 
L/D control by BLC. Moreover, the following con- 
siderations may affect the design: use of BLC instal- 
lation for thrust production, pressurization, pneumatic 
drives, deicing, and other purposes. Weight savings 
can result by eliminating unnecessary parts such as 
thrust reverser and drag chutes and by the use of lighter 
flaps and landing gears. The improvement obtainable 
by BLC for propulsion engine out condition, gust load 
reduction, bad weather operation, as well as reduced 
tire wear, smaller required fuel reserve for missed 
approaches, reduced ground handling time, etc., in- 
fluence the airplanelayout. 

Supplementing the common parametric study, the 
BLC data mentioned before help to reduce the actual 
computing work. For the relatively small BLC air- 
craft of high C;,,,, found by this method, new engines, 
etc., have to be selected. The BLC system can then 
be optimized and integrated into the design. As more 
BLC data become available the design procedure can 
be improved and refined. The cooperation of aero- 
nautical engineers and engineers in other fields is neces- 
sary to create a BLC aircraft design method equivalent 
to the practical method available for conventional air- 
craft. The many problems in BLC development reach 
beyond the aerodynamic field. The potentials of 
BLC represent a challenge for the mathematician and 


OPTIMIZED BLOWING WING 
HET AIR POWER REQUIRED ("irunr = 100%) 


SAMPLE AIRPLANE: AR = 10 
W = 60,000 LB 
W/S = 60 LB/SQ FT 


FORC, =60AC, =13.0AC, =1.0 
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2500 5000 7500 10000 
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Fic. 6. Comparison of BLC systems. 


-5 (COMPARE WITH BLC WING IN NACA TM 1167) 
AIRFOIL NACA 23018 

W = 60,000 LBS 

WING LOADING W/S = 60 LBS/FT’ 


Fic. 7. Paper BLC airplane, basic configuration: multiple cell 
BLC system. 


the physicist in the same way as for the aircraft and en- 
gine designer. 

The still primitive design method suggested can best 
be explained for the case of the subsonic STOL trans- 
port. STOL means: (1) Slow Take-Off and Landing, 
(2) Short Take-Off and Landing, and (3) Steep Take- 
Off and Landing. The aerodynamic requirements for 
STOL performance are: 

(1) Extreme low-speed capabilities. (Very high Cz, 
very low minimum control speed.) 

(2) High excess thrust at very low speed coupled 
with high L/D values in take-off. 

(3) Very high C, coupled with very low L/D values 
in the landing configuration. 

The correlated data applied to the design concept 
can be used to satisfy the above requirements (see 
Fig. 7): 

(1) The jet pump driven multiple cell system pro- 
vides very high lift (Fig. 6). The maximum total lift 
for the smallest power is found by varying C, due to 
BLC and computing AC; due to slipstream and jet 
turning. Aileron effectiveness is improved by blowing. 
Changing the relative air quantities blown over the 
aileron by stick actuated valves, blowing spoilers, and 
variable blowing slot width are additional means of 
increasing aileron effectiveness. Similar measures can 
be applied to a BLC tail. 

(2) The total thrust is the sum of the main engine 
thrust plus the blowing air thrust. The effective 
thrust component in flight path direction is a function 
of the downwash angle at infinity (aspect ratio, flap 
deflection, ground effect). High aspect ratio, elliptical 
lift distribution, and BLC-increased e factor keep the 
induced drag (main drag) small at low speed. Take- 
off calculations for STOL aircraft show that Cimax 
is only needed in the transition. A tailoring of C, for 
best acceleration, transition, and climb in take-off may 
be necessary. 

(3) Higher and staggered flap deflections (larger 
turning angle of slipstream and jets) in the landing 
configuration increase Cp; A manual or automatic 
switch or blowoff valves should stop the BLC on touch- 
ing the ground. 
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Once these requirements are fulfilled the basic air- 
plane configuration is “‘frozen’’ (compare with Fig. 7). 
The high-wing arrangement in connection with the 
low-velocity blowing jet minimizes the lift reducing 
ground effect. The wing is designed for elliptical lift 
distribution (take-off), reasonable critical Mach Num- 
ber, and space requirements for fuel and BLC ducts. 
The turboprop engines of approximately 4,000 e s.hp. 
each give a desired V,,,, 2 350m.p.h. The two (or more) 
independent BLC gas producers, in addition to the two 
main engines, provide added safety in case of a main 
engine failure. 

Low-speed stall is controlled by the spanwise BLC 
air distribution and flap deflections. An untwisted 
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Fic. 8. Suction flap wing. 
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wing can be considered since BLC is operating in low 
speed. The necessity of BLC on the tail depends on 
the tail volume and the wing BLC (AC,, due to AC;). 
The small pumping job on the tail can be provided by 
piping from the main plenum chamber. Jet pump 
driven single suction-blowing systems in the horizontal 
and vertical tail group are suggested. 

An economical BLC lift coefficient of Cp, 2 6 was 
found for the sample airplane. Slipstream turning at 
this high wing lift was computed to AC;,;, 2 13. The 
momentum lift from the exhaust jets (turning vanes 
installed) is ACzj¢ = 1. The total maximum lift co- 
efficient at a = 15° of Cina, 2 20 gives a stall speed 
of V, 2 35 m.p.h. Calculated total take-off and 
landing distances over the 50-ft. obstacle are well under 
400 ft. The climb-out and approach angles are very 
steep. (Note: induced drag is produced by C, 
smaller than the quoted C, = 6 since this value of 6 
includes jet momentum lift.) 

The following assumptions are used for the sample 
airplane of Fig. 7: 

(1) Approximately elliptical lift distribution (circu- 
lation C; is nearly constant over the span). It follows 
that Cg and C, values, respectively, are constant over 
the untwisted wing panel. 

(2) Full span flaps, BLC off, results in nearly ellipti- 
cal lift distribution (including area obscured by fuse- 
lage). The same lift distribution was assumed for 
BLC on (take-off flap setting). Hence, suction C, 
(= circulation C,) and blowing C,,,,,. (= circulation 
C, at the wing = Ci, — C,,,) are constant over the en- 
tire span. 

(3) Tapered BLC ducts for constant ratio of spanwise 
duct velocity to chordwise slot velocity over the span. 

The optimization of the sample airplane included 
these steps: 

(1) A refined choice of suction and blowing airfoils 
was made from correlated test data and theoretical 
work. Figs. 8 and 9 show the raw data used. 

(2) The duct was designed for a maximum cross 
section of Sp = 0.018c? permitting rear spar locations 
at 0.55c and up to 0.30c flaps. A 0.24c flap was chosen. 

(3) The optimization of power required for each of 
the three cells was done by computing the BLC power 
required and the jet pump power available using the 
following equations: 


BLC pumping power (in hp.) required: 


Parc = (Q5/550) + ns) Co,2 + 
[(m + 1)/m] [nz Cog? + (0/2) (Vi? — 


Jet pump power (in hp.) available: 


Pie = W, Ahn 1.415/m 


(for details see appendix and references 23 and 24). 
The intersections of curves with represent 
solutions for Pgrc = Piet available. 

(4) Solutions for total pumping power make ‘“‘opti- 
mized’’ subdividing of the wing into the three cells neces- 
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sary. However, no simple relation for tapered wings 
was found. Minimum power required was calculated 
for the wing in question by dividing in nearly equal 
wing area cells. 

(5) Choice of gas generators results from summary 
plottings of power required for propellants of different 
energy (different Ah). 

The choice and location of all the components is of 
course influenced by other than the above consider- 
ations. Duct mock-up testing is as useful for BLC sys- 
tems as model wind-tunnel testing for airplane develop- 
ments. 


CONCLUSIONS 


High-lift BLC systems and correlations of available 
data are discussed. The state of the art suggests the 
flexible concept of a multiple cell system. The use of 
this concept in a new design procedure leads to practical 
STOL BLC airplanes. 

Future research and development work has to be 
done on basic suction and blowing configurations. 
Such investigations may result in a refined or even differ- 
ent concept. The design procedure itself must be im- 
proved to make better use of the existing or future BLC 
concepts. Further research on aerodynamical features 
of BLC such as lift limitations, stability and control, 
ground effect, etc., is as necessary as the component 
development of high efficiency jet pumps and low loss 
ducts. 


APPENDIX 


Determining of BLC Pumping Power 
BLC pumping power (in hp.) required: 


Parc = (Qs/550) + m5)Co,2qol(m + 1)/m] X 
[ne Con’go + (p/2) (V2 — Vo?)]} 


Jet pump power (in hp.) available: 
= nW; Ah 1.415/m 


where 

Q ‘ = (W/pg) volume flow, cu.ft./sec. 

W = mass flow, Ibs./sec. 

m = W./W,; = jet pump entrainment 
ratio 

Np = AP,/qCg? = total pressure loss 
number 

Ap, = total pressure loss, Ibs./sq.ft. 

qo = (p/2) Vo? = (W/S) (1/C1) = flight 
dynamic pressure, lb./sq.ft. 

Vo = VW2/SpC, = flight speed, 
ft./sec. 

Cos = (Qs/Se Vo) = VC, (s/c)/2 = blow- 
ing flow coefficient 

C, = 2 Co,"/(s/c) = WaV,/gqoSe = 
blowing momentum coefficient 

s = blowing slot width, ft. 

c = wing chord, ft. 


suction wing reference area, sq.ft. 
blowing wing reference area, sq.ft. 
V; = [Coz/(s/c)|Vo = blowing jet ve- 
locity, ft./sec. 


(p/2) X 
(V,? — Vo?) = blowing jet total pressure loss, 

Ib./sq.ft. 

n = jet pump efficiency 

Ah = enthalpy difference available in 
expansion of jet pump_propel- 
lant, B.t.u./Ib. 

1.415 = conversion factor, B.t.u./sec. = 


1.415 hp. 


Main parameters for are: (a) area ratio S;/Sz; 
(b) relative blowing slot width s/c; (c) Cz (Co, C,); 
(d) n-numbers from suction slot and duct geometry; 
and (e) flap deflection 6,. 

Main parameters for P;., are: (a) jet pump effi- 
ciency 7; (b) enthalpy difference Ah; and (c) entrain- 
ment ratio m. 


m = W,/W, = [Ahn pg 778.3 — (Pry — Po)] + 
(Pity — Ps) (effect of Ah and 7 on m) 


where 778.3 = conversion factor 1 B.t.u./sec. = 778 
Ib./sec. 


(Piy — Po)|/Ah p g 778.3 


Power input (in ft.lb./sec.) Pj, = W,Ah 778.3/m 


Power output (in ft.lb./sec.) Pour = 
Q, (Pw P,,) + Q,(Piy = Po) 


Indexes are: J, primary jet; S, suction; B, blowing; 
E, entrance (suction slot); 0, ambient conditions; and 
M, mixture (B = S+ J). 

Note that the above jet pump efficiency covers the 
diffuser losses. The duct pressure loss number mg in 
the above Pg,c formula must not contain a diffuser 
loss portion. 
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67 = 0.00188 + 0.00308 = 0.00496 rad. 
GJeftective = TL/0 = (44,000 X 6)/.00496 = 
53.2 108 Ib.in.2 


GJ of Section without losses from Sta 17.06 to 23.53 = 
118 X 10®lb.in.? 
Rotation due to Rib Bending 


916-06 — 93.53 = 0.0035 — 0.00049 
T = 44,000 in.# 


0.00301 rad. 


6, = (44,000 X 6.5)/(118 X 10°) = 0.00242 rad. 


67 = 0.00242 + 0.00301 = 0.00543 rad. 
GJ eftective (44,000 6.5) /0.00543 


52.7 10 Ib.in.? 


GJ of Section without losses from Sta. 23.53 to 36 = 
89 X Ib.in.? 
Rotation due to Rib Bending 


623.53 — 93. = 0.0049 — 0.00045 = 0.00445 rad. 
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T = 44,000 
6, = (44,000 X 12.5)/(89 X 10°) = 0.00618 rad. 
6, = 0.00618 + 0.000445 = 0.006625 rad. 


GJefiective = (44,000 X 12.5)/0.006625 = 
83 X 108 tb.in.? 


Plotting these effective GJ values on a plot (Fig. 7) 
of calculated GJ along with values derived from test 
results gives reasonably good correlation of the rib 
bending losses. 
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A program is oullined for improvement and demonstration of the 


reliability of liquid rockel propulsion systems and similar 


equipment using development test data. 


Reliability Achievement and Demonstration 


in a Development Program 


Ten PACE REQUIRED in development of technically 
advanced equipment frequently results in achievement 
of superior performance by use of new and unusual 
engineering techniques. These techniques are all too 
frequently accompanied by new and unusual problems 
resulting in inadequate reliability. The attainment and 
demonstration of reliability required for operation is 
fast becoming recognized as an integral part of a 
development program for advanced equipment. While 
the need for reliability is almost universally recognized, 
there is little agreement on how to achieve and demon- 
strate it. The purpose of this paper is to present a 
reliability program and statistical analysis for use 
when specified reliability must be achieved and demon- 
strated as quickly and economically as possible. Speed 
and economy are attained by special use of data from 
development tests to avoid routine repetitive testing 
solely for reliability demonstration. Reliability pro- 
grams of this type are presently being used for the 
propulsion systems of Atlas, Titan, and Thor Air 
Force Ballistic Missiles. 

A development program is generally divided into 
three phases. The initial goal is achievement of the de- 
sired performance. This is followed by elimination of 
repetitive design-type failures. Finally, it is necessary 
to reduce the occurrence of random failures to a toler- 


able frequency. The last phase is usually considered - 


reliability improvement. Methods for reliability im- 
provement are not standardized. New equipment is 
considered ready for reliability development when it 
functions properly as a system and if all components 
operate within design tolerances. System failures may 
then be related to components which can be redesigned 
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and replaced if necessary. This situation has fostered a 
widely held belief that system reliability can be 
achieved best by adequate component testing. The dif- 
ficulty with such an approach is best illustrated by an 
example. 

Suppose that equipment with 20 parts is required to 
show a 50 per cent probability of at least 95 per cent 
reliability. The minimum amount of testing which can 
demonstrate this reliability is the number of successive 
tests without failure. This number can be calculated 
from the formula: 


log (1-confidence level) 
log (reliability) 


number of tests = 


In this example 14 coasecutive successful system 
tests would be required to demonstrate reliability re- 
quirements. If all 20 parts are assumed to have equal 
reliability, each must have a probability of 50 per cent 
of at least 99.75 per cent reliability. A minimum of 270 
tests are required to demonstrate such reliability. A 
program of this type might be reasonable if all 20 com- 
ponents are identical. However, if the components are 
all different; a total of 5,400 tests would be the minimum 
required. The contrast between 14 system tests and 
5,400 component tests to demonstrate the same level 
of reliability is illustrative of the problem encountered 
with equipment consisting of many different compo- 
nents. In addition, component testing assumes perfect 
duplication of system environment and neglects com- 
ponent interactions. 

The reliability program presented here was origi- 
nally developed for large liquid rocket propulsion sys- 
tems. Such systems have a large number of different 
parts. Costs are high for both system and component 
tests. The type of equipment dictates a program with 
limited numbers of tests and requiring maximum 
utilization of all test data. The methods developed are 
felt to be applicable to many other types of equipment. 
They should be useful whenever equipment consists of 
many dissimilar components and satisfactory perform- 
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ance is judged by attributes and output limits rather 
than distribution of output variables. The equipment 
must be suitable for trials of discrete operating cycles 
each of which can be judged a success or a failure. 


System SIMULATION 


The desired end product of a reliability improvement 
program is equipment with a specified probability of 
operating properly when used in service. The only way 
to find out whether equipment is adequately reliable is 
to try it a sufficient number of times. In a development 
program large numbers of tests are ordinarily conducted 
to obtain engineering information. It is proposed that 
data from these tests be used for periodic reliability es- 
timation, as well as for ultimate demonstration of re- 
quired reliability. Such use of engineering test data re- 
quires special statistical analysis techniques and care- 
ful use of data to be sure that tests represent adequate 
simulation of operating conditions. 

In order that eventual service operation be properly 
simulated, system testing must consider performance, 
inputs, environment, test duration, and previous equip- 
ment operation. In certain cases all these quantities 
need not be simulated in the same test. The simulation 
required in order to provide a valid reliability test de- 
pends on the nature of the equipment and previous test 
experience. A continuous examination of the extent to 
which each test simulates some phase of service opera- 
tion is one of the most important aspects of manage- 
ment of this type of reliability improvement program. 

Equipment undergoing a functional test has certain 
inputs and outputs. The output is usually considered 
performance. There are specified tolerances within 
which performance parameters must fall in order that 
equipment operation be considered successful. Speci- 
fied performance is almost always a required condition 
in order that a test be considered adequate simulation 
of service conditions. In order to achieve specified per- 
formance, it is necessary to provide specified input 
quantities to the equipment under test. These inputs 
may be electrical power, fuel, coolants, control signals, 
or other quantities. The failure to provide inputs, as 
specified, means that a test should not be considered a 
valid trial of equipment functioning. 

Many types of equipment are required to operate 
under special environmental conditions such as heat, 
cold, moisture, or vibration. Some conditions are due 
to climatic and seasonal variations while others are due 
to adjacent devices or the equipment itself. The en- 
vironmental extremes under which equipment must 
operate are often specified as special test conditions. 
For military equipment, such tests are part of the re- 
quirements for qualification of a design. A portion of 
the testing performed in a development program must 
be devoted to achievement of satisfactory operation 
under artificially adverse environments. Usually there 
are no specific reliability requirements for equipment 
when run exclusively under environmental conditions. 

Many types of high-performance equipment are re- 


66 Aero/Space Engineering + October 1958 


quired to operate only for a specific duration. For ex- 
ample, a guided missile propulsion system has a life 
cycle determined by the missile mission. A test provid- 
ing maximum simulation of missile flight would re- 
quire full duration propulsion system operation. In 
performing such tests on many kinds of equipment, it is 
found that failures occur most frequently in the early 
portion of the test period and infrequently toward the 
end. With such equipment, it is often desirable to run 
only a portion of the tests until the critical failure period 
has passed. In such cases, it is proposed that results of 
short runs be incorporated into the regular reliability 
record up to a specified fraction of the total tests for 
any period. The permissible fraction of short runs to 
be used for reliability calculations must be decided on 
the basis of details of equipment test history. If tests 
show that failures occur at random throughout the 
duration of runs or bunch toward the end, the use of 
any short runs in a reliability record would be undesir- 
able since they would cause biased results. 

In a development program where equipment can be 
tested repeatedly, the amount of operating time accu- 


mulated by individual parts may become a factor in re- — 


liability. Some parts tend to wear out faster than 
others so a detailed log is required to keep track of 
equipment undergoing tests. Frequently a maximum 
useful life can be determined for parts by noting if 
failure rates start to increase as equipment accumulates 
operating time. Articles which exceed their useful lives 
should be withdrawn from the test program. Occa- 
sionally an equipment shortage requires that a test 
article be used beyond its useful life. In such cases, 
failures attributable to these articles should void the 
trial for the reliability record. The use of test articles 
beyond a demonstrated useful life should be regarded as 
a temporary emergency measure. If the practice be- 
comes widespread in a program, it will jeopardize the 
usefulness of the reliability data obtained. 


FAILURE CRITERIA 


An important part of the type of reliability program 
under consideration is the selection of criteria for de- 
ciding whether a trial is a success or a failure. Special 
criteria of this type are frequently employed in the 
engineering phases of a development program. The 
reliability program criteria need not necessarily be the 
same. The criterion used in a reliability program 
should consider the intended purpose of equipment in 
service. A widely applicable criterion is that a test 
can be considered a success for reliability purposes if 
similar operation in service would have permitted suc- 
cessful accomplishment of the intended equipment 
purpose. For equipment which performs a complete 
cycle of operation this means that a successful trial 
must include a normal start, stable operation within 
specified performance limits for a planned duration, 
and a normal controlled shut-down. This type of 
criterion is generally applicable to guided missile sub- 
systems and is particularly useful for liquid rocket 
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propulsion systems. Devices which do not have a defi- 
nite operating cycle may require different criteria to 
define successful operation. Reliability analysis meth- 
ods intended for individual trials may not be suitable 
for continuously operating equipment. Many of the 
program techniques presented here would not then be 
applicable. 

Failures should always be localized as closely as 
possible in order to implement proper analysis and de- 
sign correction. Failures can occur in several ways. 
Parts can fail due to: out-of-tolerance fabrication, a 
local environment different from design assumptions, 
failure of some adjacent part, or in a purely random 
fashion not associated with a definite cause. The first 
of these is a quality control problem which must be 
corrected before reliability data can be considered a 
valid representation of equipment design. Failure 
due to local environment is an engineering design 
problem which should be solved by normal develop- 
ment procedures. A failure induced by an adjacent 
part should be attributed to the part which fails origi- 
nally. A reliability program should be concerned pri- 
marily with random failures of properly fabricated parts 
operating in their normally expected environments. 
From an engineering point of view, such parts are al- 
most satisfactory because they usually function prop- 
erly. The purpose of reliability improvement is to min- 
imize occasional failures in designs which satisfy all 
other requirements. 

Sometimes a failure results from progressive unfavor- 
able interactions of several parts. Generally this type 
of failure indicates a system weakness and may mean 
that the equipment is not ready for a reliability pro- 
gram. More typically failures are attributable to a 
specific part in the equipment. For the purposes of a 
reliability program of this type, it is convenient to as- 
sume that all failures have single local sources. This 
assumption facilitates statistical analysis of failure 
occurrence and subsequent corrective action. It also 
leads to a useful means for classification of equipment 
part reliability. 


SYSTEM TESTING 


As soon as a part fails in a system test, a separate 
reliability record should be started for it. Each part 


which has caused a failure then warrants individual - 


reliability analysis while parts which have not failed 
remain undifferentiated within the total system. 
A convenient nomenclature for this procedure is to 
call each failure source an “‘element”’ of a system while 
the remaining portion, comprising parts which have 
not failed, is called the ‘‘surviving system.” Separate 
records are kept for each “‘element”’ in order to deter- 
mine statistically the most critical sources of failure. 
This procedure avoids the need for arbitrary division of 
a system into components and for arbitrary assignment 
of reliability goals for each component. 

The assignment of failures to “elements” assumes 
that failure sources are definitely isolated. In a case 


where a test fails but the source cannot be localized, 
it is necessary to assign the cause to the “surviving 
system’’ as a whole. Subsequent evidence may permit 
greater localization of the failure and permit reassign- 
ment of the cause to some “‘element.’’ If failures which 
must be attributed to the “surviving system” occur 
frequently, it is probably a sign of inadequate failure 
investigation or an indication that the system is not 
developed sufficiently for a reliability improvement 
program. 

The information derived from analysis of ‘element’ 
failures in system tests can be used to serve two pur- 
poses. The first use is to indicate which “elements” 
show the poorest reliability in system testing. These 
“elements” then become candidates for redevelopment 
with priorities according to their statistical failure 
record. The second use of ‘‘element’’ failure data is to 
determine whether changes in design for reliability 
purposes are actually improvements. The reliability 
of redeveloped parts as ‘‘elements’’ in system tests is 
the best indication of the effectiveness of reliability 
improvement efforts. 


COMPONENT TESTING 


Parts which are selected for redevelopment because 
of their failure histories in system tests can usually be 
pretested on component test stands. The use of com- 
ponent testing permits inexpensive and rapid accumu- 
lation of a relatively large number of trials of newly 
redesigned parts. This procedure is desirable both for 
conservation of system test equipment and for ob- 
taining statistically significant numbers of tests. How- 
ever, the applicability of the results of component 
tests to system operation depends on the adequacy of 
stimulation of system conditions. 

Each component in an operating system receives 
inputs from the system and delivers an output in the 
form of some type of performance. Component 
inputs must be simulated properly on a test stand in 
order to consider trials as valid representations of sys- 
tem operation. Sometimes it is very difficult to 
determine actual inputs and to provide reasonable 
simulation for component tests. An additional test 
stand requirement is component performance which 
simulates system operation. 

The environment created by an operating system is 
frequently a factor in component operation. Simu- 
lation of this environment can sometimes be a critical 
factor in development of reliable components. Com- 
ponent failure criteria can vary widely depending on the 
detailed purposes of testing. Usually system improve- 
ment is served best by considering component tests 
successful only if similar operation in a system would 
have permitted successful system functioning. 


Data ANALYSIS 


Statistical analysis of test data from a development | 
program is complicated considerably by the continu- 
ous change in equipment under test. Considering tests 
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TEST SERIES 
RINE, 


|. NUMBER OF TRIALS, m 


NUMBER OF FAILURES, dm 
° 


= ACCEPTANCE LINE LOG — 
INTERCEPT = 


LOG - LOG 


h, = DESIGN CHANGE _ LOG 2 
LINE INTERCEPT =P 
LOG 
S = SLOPE OF LINES os = 


ACCEPTANCE INDICATES CONFIDENCE |-8 THAT 
RELIABILITY IS AT LEAST Imp, (LOWER 
RELIABILITY LIMIT) 


DESIGN CHANGE REQUIREMENT INDICATES 
CONFIDENCE |-a THAT RELIABILITY |S 
LESS THAN I-p (UPPER RELIABILITY LIMIT) 


Fic. 1. Sequential analysis formulas. 


in blocks requires an arbitrary selection of block size. 
Use of an accumulative record gives a reliability value 
influenced by early frequent failures. Weighting of ac- 
cumulative data to suppress early records is once again 
arbitrary. It is proposed here to use a modified form of 
sequential analysis as a means for solving these prob- 
lems. Background mathematics and nomenclature are 
from reference 1. 

Sequential analysis does not require a fixed sample 
size for equipment acceptance test plans. It providesa 
simple graphical procedure for finding whether the 
tests which have been conducted are sufficient to reach 
desired statistical conclusions about the equipment 
under test. The analysis does not indicate equipment 
reliability but rather the probability that reliability 
is within specified boundaries. Fig. 1 shows the form 
of the test chart and the formulas for computing the 
boundary lines. 

The difficulty with using normal sequential analysis 
in a development program is that the low reliability of 
early tests would indicate that equipment was unsatis- 
factory. In normal inspection procedures this would 
mean rejection. However, a development program is 
intended to improve inadequate equipment rather 
than reject it. An analysis procedure is required to 
show whether current equipment is satisfactory without 
regard to early test history. 

The proposed solution to the problem of statistical 
_ evaluation of tests with changing reliability is to re- 
verse the order in whith fests are considered as com- 
pared with the usual sequential analysis. With this 
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reversed sequential analysis, the most recent test re- 
sult is plotted at the origin of the graphical test plan 
chart and each earlier test is plotted farther from the 
origin. Early test results are continuously displaced 
from later consideration and have a reduced influence 
on later decisions. 

The use of reversed sequential analysis can be illus- 
trated by an example. Suppose a test is required which 
offers 90 per cent confidence that equipment accepted 
has a reliability above a lower limit of 80 per cent. In 
order to establish a sequential test plan, it is necessary 
to specify an upper reliability limit as a criterion for 
rejection of unsatisfactory equipment. The level of 
the upper reliability limit influences the average num- 
ber of trials which will be needed to reach a decision. 
This average sample number (ASN) varies with the 
reliability of the equipment under test. A formula 
from reference 1 for computing the ASN was selected 
to correspond to a reliability of one minus the slope 
of the sequential test boundary lines. 

The choice of a value for the ASN in this type of pro- 
gram depends on the reliability level required and the 
amount of testing anticipated. A lower limit for the 
ASN is established by the number of trials without 
failure required for reliability demonstration. An 
upper limit is established by the necessity of keeping 
the ASN well below the total number of tests expected 
in the program. A good match between reliability 
requirements, program size, and sequential analysis 
parameters can usually be obtained by making the ASN 
about 3 times the number of trials without failure for 
demonstration and less than one tenth the number of 
tests anticipated in the program. In the example, an 
ASN of 29 was chosen. The formula in reference 1 
may be used to obtain the corresponding upper reli- 
ability limit of 93.3 per cent at 90 per cent confidence. 

Using the upper and lower reliability limits, a se- 
quential test chart can be prepared as shown in Fig. 2 
Upon completion of some specified number of trials, a 
record of number of failures versus number of trials is 
plotted on such a chart, starting with the most recent 
test. If the trace of such a plot does not cross either 
line, there is insufficient information to reach a decision. 
If the trace crosses the upper or design change line, 
the equipment is not satisfactory and a change must be 
made before further testing is permitted. If the trace 
crosses the lower or acceptance line, the equipment has 
passed the reliability acceptance requirements. If ac- 
ceptance is not obtained, another attempt at accept- 
ance can be made after completion of the specified 
number of new trials. Selection of the number of trials 
between acceptance attempts depends somewhat on 
objectives of individual programs, but a number of 
one-half the ASN appears to be reasonable in most 
cases. 


Fig. 2 shows how a plot of test results might look at 
some point in a program. The trace (a) indicates that 
the equipment is not satisfactory and must be changed 
and tested further. Trace (b) indicates acceptable 
equipment reliability. 


| 
m of 
4.2%, 
ce] 
| iel 
gr 
tri 
tr: 
lit 
ea 
m 
re 
he 
Ww 
a 
d 
n 
r 
0 
Cc 
{ 
1 
I 
( 
4 
| 


The same results may be obtained by two other types 
of presentation. Tabular representation of the ac- 
ceptance and design change lines is sometimes conven- 
ient. Rapid graphical appreciation of a complete pro- 
gram can be obtained by a chart of failures versus 
trials starting with the earliest test at the origin. Re- 
versed sequential analysis can be applied by using a 
transparent overlay with the acceptance and rejection 
lines on it. The origin of the overlay can be placed on 
each successive test result as it is plotted to test for 
acceptance or a change requirement. The latter 
method avoids repeated replotting of data which is 
required by the normal reversed chart. 

Sequential analysis in the reversed form presented 
here lacks some of the statistical rigor of the original 
work. Using samples from a changing population 
means that acceptance is based on an average reli- 
ability over the most recent portion of the tests con- 
ducted. Sequential analysis is felt to be a useful, if 
not exact, tool for this purpose because equipment 
reliability is expected to change relatively slowly. 
The use of the rejection line to indicate a mandatory 
change rather than outright rejection has the effect 
of giving the equipment ‘‘another chance.” This pro- 
cedure actually reduces the producer’s risk. However, 
the limited number of tests available for most practical 
programs prevents any appreciable probability of 
eventual acceptance of seriously deficient equipment. 
Work to date on the consequences of these statistical 
questions has indicated that they do not lead to serious 
errors, but further investigation is required. 

In the conduct of a reliability development program, 
it is desirable to follow progress as indicated by test 
data. An interim reliability estimation method is 
needed for this purpose. Reversed sequential analysis 
can be used for this application. A chart can be pre- 
pared with a series of acceptance lines corresponding 
to a series of lower limits up to and including the ac- 
ceptance value. The upper reliability limit corre- 
sponding to each lower limit is determined by the 
specification of ASN and confidence levels. The es- 
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Fic. 2. Example of reversed sequential analysis reliability 
demonstration chart. 
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Fic. 3. Example of reversed sequential analysis reliability re- 
porting chart. 


tablishment of fixed confidence levels and ASN corre- 
sponds to the requirement: 


[log (p1/bo)] {log[(1 — po)/(1 — pi)]} = (aconstant 
determined by demonstration values of po and /;) 


This equation can be solved for pairs of values of po 
and /p; by means of the following equation using a para- 
metric variable x. Useful values for pp and p; are ob- 
tained with x between zero and one although the equa- 
tion has solutions for all positive values of x. 


The series of acceptance lines obtained from pairs 
of po and /, values forms a fan as shown in Fig. 3. The 
interim reliability value to be reported corresponds to 
the lowest acceptance line crossed by the trace of the 
test record from the latest reporting period. Design 
change lines are not used for interim reporting. Deter- 
mination of interim reliability values at the end of 
monthly reporting periods instead of after a specified 
number of trials appears to be most convenient for ad- 
ministration of reliability programs. 

This method for calculating interim reliability values 
is intended to form an integral part of a reliability de- 
velopment program. By following the progress of 
system reliability, the effectiveness of component im- 
provements can be evaluated. As the program pro- 
gresses, system reliability should approach the specified 
goal. The method of calculation used for reporting 
interim reliability will give results which converge to- 
ward the required level as reliability improves. When 
reliability finally reaches the acceptable value, the 
interim reporting procedure will automatically indicate 
that the reliability improvement program has reached 
its goal. 
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Spells out 
SERVICE 
in any stainless 
you need... 


when 


you need itl 


You can win only when you buy Allegheny Stainless from Ryerson. Two top names are teamed 
to give you quality stainless, the fastest way possible! 

Allegheny Ludlum is the leading producer of stainless steels in all forms. Ryerson is recognized 
as the top steel service center. It’s a team to bring you the best quality stainless, quick, when 
you need it. 

Ryerson now stocks 2,351 shapes, sizes, finishes and alloys of Allegheny Stainless. It’s the 
most complete line of stainless anywhere! And Ryerson takes the inventory cost from you, gives 
you as quick service as your own stockroom. 

Whether your order is for Allegheny Stainless sheet, plates, bars, or whatever, Ryerson has it 
in stock. Trained salesmen and technicians to help in selecting or in fabricating are at your 
beck and call. 

For top quality Allegheny Stainless from warehouse stocks, call Ryerson. Allegheny Ludlum 
Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 


wsw-7i26 
for warehouse delivery of Allegheny Stainless, call RYERSON : 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS ... EVERY HELP IN USING IT | 4 
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. current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the LAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The Arro/Spack ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocory Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


PERIODICALS AND 72 
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Subject Index to Periodicals & Reports 


Acoustics, Sound, Noise........... 
Aerodynamics, Fluid Mechanics 
Aerothermodynamics 
Flow of Fluids 
Aeronautics, General............. 
Air Conditioning, Pressurization. .. 
Control Systems, Automatic Pilots. . 
Landing, Landing Loads.......... 
Operating Characteristics, Eco- 


Electronics 
Antennas, Radomes.............. 
Construction Techniques......... 
Magnetic Devices............... 
easurement & Testing.......... 
Noise, Interference............. 
Oscillators, Signal Generators... . 


Semiconductors................. 
Transmission Lines............... 


ydraulic & Pneumatic........... 
Fuels & Lubricants. . 
Ice Formation & Prevention......... 
Laws & Regulations............... 


72 
Machine Elements 
72 Mechanisms & Linkages.......... 
72 Rotating Discs & Shafts........... 
72 Ceramics & Ceramals............ 
72 Conner & Protective Coatings. . 
75 High Temperature.............. 
75 Metals & Alloys. 
76 Metals & Alloys, Nonferrous. .... 
76 Nonmetallic Materials........... 
76 Testing Methods................ 
76 Atmospheric Structure & Physics. . 
76 Upper Air Research............. 
Military Aviation, Ordnance. ...... 
76 Missiles, Rockets... 
78 
78 Ram-Jet & Pulse-Jet............. 
79 Metalworking.................. 
79 Production Engineering.......... 
79 
79 Research, Research Facilities........ 
79 Aircraft, Helicopters... 
79 Beams: Columns... 
79 Cylinders & Shells.............. 
79 Elasticity & Plasticity............. 
79 Sandwich Construction.......... 
79 Thermodynamics 
79 
80 Water-Based Ajrcraft.............. 
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Acoustics, Sound, Noise 
Cylindrical Self-Similar Acoustical Waves. 


Ia. B. Zel’Dovich. (Zhurnal Teoret. i Exper. 
Fiz., Sept., 1957, pp. 700-705.) Sov. Phys.- 
JETP, Mar., 1958, pp. 537-541. Translation. 


Construction of a one-parameter family of self- 
similar solutions for cylindrical motion in the 
acoustical approximation by superposition of 
plane waves. The maximum pressure is esti- 
mated, and allowances are made for the devia- 
tions from the acoustical approximation for large 
amplitudes. 


Sound Insulation of Single Leaf Walls. Per 
Granholm. Chalmers Tek. Hégskolas Handlingar, 
No. 194, 1958. 48 pp. Investigation of the 
sound insulation against airborne noise, covering 
the influence of flexural rigidity on the sound in- 
sulation against a plane sound wave. 


Missile Noise as a Factor in Reliability. P.S. 
Veneklasen. Aero/Space Engrg., Sept., 1958, 
pp. 44-48. Discussion of a program for clearly 
delineating the role of noise as an offending 
element in missile reliability, with emphasis on 
testing to determine the tolerance of structural 
assemblies or electronic systems. 


Aerodynamics, Fluid Mechanics 


Aerothermodynamics 


Problemas Térmicos a Velocidades Superséni- 
cas. I—lIdentificacién de Focos de Calor. IIl— 
Introduccién al Aerocalentamiento. J.C. Gémez. 
Rev, Aero., Mar.; Apr., 1958, pp. 190-195; 279- 
288. 30 refs. In Spanish. Survey of thermal 
problems encountered during supersonic flight. 
Includes discussion of kinetic and equilibrium 
temperatures, heat transfer, and structural effects. 


Boundary Layer 


A Numerical Method for Solving Boundary- 
Layer Equations. S. W. Liu. Aero/ Space 
Sct., Sept., 1958, pp. 598, 599. Outline of a 
method used previously for obtaining numerical 
solutions for common boundary-layer equations 
and particularly adaptable to the high-speed 
computers currently in use. 


An Experimental Investigation of the Stability 
of the Hypersonic Laminar Boundary Layer. 
A. Demetriades. J. Aero/Space Sct., Sept., 
1958, pp. 599, 600. OOR- supported description 
of experiments carried out in the GALCIT 5- x 
5-in. hypersonic wind tunnel at a Mach Number 
of 5.8. 


Periodic Boundary Layer Experiments in 
Liquid Helium. R. J. Donnelly. Ann. Phys., 
Mar., 1958, pp. 320-345. 17 refs. Hydrody- 
namic study of oscillation experiments in helium I 
and helium II using the boundary-layer concept. 
The principle of dynamic similarity is discussed. 

Prediction of Transition in the Boundary Layer 
on an Aerofoil. L.F. Crabtree. RAeS J., July, 
1958, pp. 525-528. 13 refs. Analysis establish- 
ing an empirical criterion for the limit of existence 
of a laminar boundary layer capable of describing 
separation and instability. It is shown that only 
two parameters are necessary to fulfill these con- 
ditions and that a universal curve may be con- 
structed of boundary-layer Reynolds Number 
against pressure gradient parameter at transition. 


The Effect of Extreme Cooling and Local Con- 
ditions on Boundary-Layer Transition. J. 
Jack and R. J. Wisniewski. J. Aero/Space Sci., 
Sept., 1958, pp. 592, 593. 


Control Surfaces 


Some Effects of Shed Vortices on the Flow 
Fields Around Stabilizing Tail Surfaces. R. W. 
Stone, Jr., and E. C. Polhamus. (NATO 
AGARD Sth Spaces & Materials Panel, Copen- 
hagen, Apr. 29-May 3, 1957.) NATO AGARD 
Rep. 108, Apr.-May, 1957. 25 pp. 20 refs. 
Study of the effects of vortices shed from the 
body which indicates a rather large adverse effect 
of such flow fields on the tail loads and tail-load 
distributions. Under some conditions an oscil- 
latory characteristic of vortex flows exists and this 
may lead to tail buffeting. 


Flow of Fluids 


Progrés Récents de la Mécanique des Fluides 
Transsonique et Supersonique Intéressant |’Avia- 
tion et les Turbomachines. M. R. Legendre. 
Soc. Ingr. Civ. France, Mem., Jan.-Feb., 1958, pp. 
36-47. In French. Survey of recent develop- 
ment in the field of fluid mechanics (including 
transonic and supersonic fluids) and discussion 
of its importance for aeronautical research. 


Maximum Speed in Steady Subsonic Flows. 
Chia-Shum Yih. Quart. Appl. Math., July, 1958, 
pp. 178-180. Analysis to show that the maxi. 
mum speed in a singularity-free region of any 
steady subsonic flow must occur on its boundary, 
provided the flow is isentropic and irrotational. 

Transverse Velocities in” Fully Developed 
Flows. S. H. Maslen. Quart. Appl. Math., 
July, 1958, pp. 173-175. Analysis showing that 


developed incompressible flow must vanish every- 
where. 


Presiunea Termici a Gazelor la Contactul 
Neizoterm cu Peretii. C. Simoi. Stud. Cerc. 
Stiint., Ser. Stiint.’Teh., July-Dec., 1957, pp. 
93-107. 10refs. In Rumanian, with summaries 
in French and Russian. Derivation of a relation 
for the thermal pressure of a gas in nonisothermal 
contact with the walls. 


Shear Flow of a Viscoelastic Fluid Past a Flat 
Plate with Suction. A. Sh. Gupta. J. Aero/ 
Space Sci., Sept., 1958, pp. 591,592. Derivation 
of an exact solution for the problem considered 
by Sakurai in the case of a viscoelastic fluid. 


Finite Amplitude Cellular Convection. W. V. 
R. Malkus and G. Veronis. J. Fluid Mech., 
July, 1958, pp. 225-260. 14 refs. Presentation 
of a method to determine the form and amplitude 
of the cellular convection occurring when a layer of 
fluid is heated uniformly from below and cooled 
from above. 


The Wall-Effect Upon the Forces Experienced 
by an Elliptic Cylinder in a Viscous Liquid. 
Yorisaburo Takaisi. Phys. Soc. Japan J., May, 
1958, pp. 496-506. Analysis, based on Oseen’s 
linearized equations of motion, of the steady slow 
motion of an elliptic cylinder with an arbitrary 
angle of attack in a viscous liquid bounded either 
by a plane wall or by two parallel plane walls. 


Note on the Possibility of Raindrops Being 
Shattered by the Air Disturbances Caused by a 
Moving Body. Appendix I—Air Speed Relative 
to a Rain Drop Near a Moving Sphere. Appen- 
dix IIl—Airspeed Relative to a Raindrop Near a 
Moving Cylinder. Appendix III—Air Speed 
Relative to a Raindrop on Passing Through a 
Plane Shock Wave. Appendix IV—Air Speed 
Relative to a Rain Drop on Passing Through an 
Oblique Shock Wave from a Two-Dimensional 
Wedge. D. C. Jendins. Gt. Brit., RAE TN 
Mech, Eng, 239, Oct., 1957. 36 pp. Study indi- 
cating that disinterration of some of the drops 
may be well advanced before they reach the air- 
craft surface. 


On Reducing Aerodynamic Heat-Transfer 
Rates by Magnetohydrodynamic Techniques. 
R. C. Meyer. (JAS 26th Annual Meeting, New 
York, Jan. 27-30, 1958, a re 816.) J. Aero/ 
Space Sct., Sept., 1958, pp. 561-57 

On the Application of Van vivid s Method toa 
Highly Cooled Partially Dissociated Turbulent 
Boundary Layer. Henry Hidalgo. Jet Propul- 
sion, July, 1958, pp. 487, 488. AFOSR-spon- 
sored study. 


On the Pulsations of a Plasma Filament. A.G. 
Kulikovskii. Sov. Phys.-Dokl., May-June, 1957, 
pp. 269-272. Translation. Presentation of a 
certain class of exact solutions of the equations of 
magnetohydrodynamics, including periodic solu- 
tions. 

Basic Factors Complicate Plasma Work. J. S. 
Butz, Jr. Av. Week, June 2, 1958, pp. 36, 38, 39. 
Presentation of a definition for some magnetohy- 
drodynamic regimes and discussion of possible 
engineering applications and research goals. 

Résolution de Problémes d’Infiltrations 4 Sur- 
face Libre au Moyen d’Analogies Electriques. 
Pierre Huard de la Marre and L. Malavard. 
France, Min, de l’ Air PST 340, Feb., 1958. 153 
pp. 34 refs. SDIT, 2, Av. Porte-d'Issy, Paris 15, 
Frs. 2,540. In French. Presentation of various 
methods using electric analogy for the solution of 
plane constant problems in isotropic and homo- 
geneous media, anisotropic and heterogeneous 
media, three-dimensional problems, and irregular 
flow problems, 

L’Onde de Choc dans un Fluide non-Monoato- 
mique. Phrixos Théodoridés. Helvetica Phys. 
Acta, Fase. 11,1958. 10 pp. 27 refs. In French. 
AFOSR-supported analysis of the structure of a 
normal shock wave in nonmonatomic fluids. 
Results of numerical integration are given for 
molecular nitrogen. 

Presiunea Termic& Periferic&d a Corpurilor 
Solide gi Lichide. C. Simoi. Stud. Cerc. Stiint., 
Ser. Stiint. Teh., July-Dec., 1957, pp. 109- 115. 
In Rumanian, with summaries in French and 
Russian. Analysis of the thermal motion of 
molecules and atoms in order to determine the 
peripheral thermal pressure of solid and liquid 
bodies. 

Zur Theorie des Wirbelstrahles. 
Miiller. ZAMM, May-June, 1958, pp. 179-187. 
In German. Evaluation of the theory of vortex 
streams, including a mathematical representation 
of the flow without introducing any limiting condi- 
tions for the viscosity, the cone aperture angle, 
and the vortex strength. 


Karl-Heinz 


Internal Flow 


Some Actuator-Disc Theories for the Flow of 
Air Through an Axial Turbo-Machine. Appendix 
—Three- a Flow in an Axial Turbo- 
Machine. J. H. rlock. Gt. Brit., ARC R&M 
1952) 31 pp. BIS, "New York, 


A Three-Dimensional Theory of Axial-Com- 
pressor Blade ag in Subsonic and 
Supersonic Flows. J. E. McCune. (Cornell U., 
Grad. Sch. Aero. Eng. Rep., Feb., 1958.) a 
Aero/Space Sci., Sept., 1958, pp. 544-560. 12 


the transverse velocity components in a fully refs. 
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Slow Viscous Flow Past a Sphere in a Cylindri- 
cal Tube. Howard Brenner and John Happel, 
J. Fluid Mech., June, 1958, pp. 195-213. 14 refs, 
Derivation of approximate expressions for the 
frictional drag, rotational couple, and permanent 
pressure drop caused by the presence of the spherj- 
cal obstacle in the original Poiseuille field of flow, 


Determinarea Coeficientului Critic Interior de 
Cavitatie. I. Anton. Stud. Cerc. Stiint., Ser, 
Stiint. Teh., July-Dec., 1957, pp. 53-62. 13 refs, 
In Rumanian, with summaries in French and 
Russian. Determination of the critical coefficient 
for pump cavitation. 


Unghiul de la Intrare Optim la Cavitatie Pentru 
Pompele Centrifugale. I. Anton. Stud. Cerc, 
Stiint., Ser. Stiint. Teh., July-Dec., 1957, pp. 63- 
70. In Rumanian, with summaries in French 
and Russian. Calculation of the optimum entry 
angle for centrifugal-pump cavitation. 


Jet Flaps & Wings 


British Research on the Jet-Flap Scheme, 
John Williams. ZFW, June, 1958, pp. 170-176, 
17 refs. Outline of British wind-tunnel and the- 
oretical investigations on jet flaps. 


Performance 


Some Possible Implications of Minimum oa 
rye at Altitude. R. P. Dickinson. (NA 

AGARD Flight Test Panel, London, May 20- 2, 
1957.) NATO AGARD Rep. 131, May, 1957, 
8 pp. Analysis of the effective increase in appro- 
priate minimum drag speed due to increased lift 
coefficient, as in the turning maneuver. 


Stability & Control 


High-Speed Stability and Control Problems as 
They Affect Flight Testing. M. J. Abzug. 
(NATO AGARD 10th Flight Test Panel, London, 
May 20-24, 1957.) NATO AGARD Rep. 120, 
May, 1957. 36 pp. 48 refs. Discussion of the 
maximum envelopes of attainable Mach Number 
and altitude, as well as load factor and Mach 
Number. Testing techniques are discussed for 
high-speed stability and control problems. 


On the Extraction of Stability Derivatives from 
Full Scale Flight Data. Appendix—Formulae 
for Calculating the Lateral Response. j.: Ke 
Zbrozek. Gi. Brit., RAE TN Aero. 2559, Apr., 
1958. 29 pp. Study of the different theoretical 
approaches to the problem of the extraction of 
stability derivatives from aircraft response meas- 
urements. It is concluded that there is no ad- 
vantage in using the transient response technique 
as compared with the free oscillation technique. 


Testing for Inertial Characteris- 
tics. . H. Meyer. (NAT AGARD 10th 
Flight Fest Panel, London, Mey 20-24, 1957.) 
NATO AGARD Rep. 124, May, 1957. 6 pp. 
Discussion of the causes and effects of roll diver- 
gence, and possible approaches to the practical 
solution of the problem in the design of aircraft 
for specific roles. 


Wings & Airfoils 


Calculation of the Shape of a Thin Slender 
Wing for a Given Load Distribution and Plan- 
form. J. H. B. Smith. Gt. Brit., ARC CP 385 
gen 1956) 1958. 22 pp. BIS, New York, 


Geometry of Wing Surfaces Generated by 
Straight Lines and with a High Rate of Thickness 
Taper at the Root. D. Peckham. Gi. Brit. 
ARC CP 383 (May, 1957) 1958. 17 pp. BIS, 
New York, $0.54. 


Determination of Distribution of Twist of a 
Straight Wing to Correspond to the Aerodynamic- 
Load Distribution on a Sweptback Wing. S. N. 
Chaudhuri and K. S. Nagaraja. J. Aero/Space 
Sci., Sept., 1958, pp. 593, 594. 


Fliigel kleiner Streckung mit kleiner Dicke bei 
Nullauftrieb in Unter- und Uberschallstrémung. 
F. Keune. (KTH Aero. TN 21, 1952.) DVL 
Bericht No. 50, Apr., 1958. 68 pp. 11 refs. 
Westdeutscher Verlag, Kéln & Opladen. In Ger- 
man. Study of low-aspect ratio wings with small 
——- at zero lift in subsonic and supersonic 

ow. 


Eine Naherungsmethode zur Berechnung der 
Geschwindigkeitsverteilung nicht angestellter 
os Fliigel grosser Streckung bei kleiner 

icke in  Unterschallstrémung. F. Keune. 
(KTH Aero. TN 26,1953.) DVL Bericht No. 4, 
Apr., 1958. 56 Pp. Westdeutscher Verlag, 
Kéln & Opladen. In German. Development 
an aproximate method for the calculation of sub- 
sonic velocity distribution on high-aspect-ratio 
wings of small thickness at zero lift. 


Low-Speed-Tunnel Model Tests on the Flow 
Structure Behind a Delta-Wing Aircraft and a 40 
os Swept-Wing Aircraft at High Incidences. 

D. A. Kirby and A. Spence. Gt. Brit., ARC 
R&M 3078 (Apr., 1955) 1958. 21 pp. BIS, 
New York, $1.53. Investigation in order to vis- 
ualize the whole pattern of vortex sheets and sep- 
—_— ee behind the wings at incidences above 
the sta 


Data from Large-Scale Low-Speed Tests of 
Airplane Configurations with a Thin 45° Swept 
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Wing Incorporating Several Leading-Edge Contour 
Modifications. W. T. Evans. U.S., NACA 
RM A56B17, May 7, 1956. 110 pp. 


Downwash Tables for the Calculation of Aero- 
dynamic Forces on Oscillating Wings. Gt. Brit., 
ARC R&M 2956 (June, 1952) 1958. 174 pp. 
BIS, New York, $11.70. 


On Jones’ Criterion for Optimum Lifting Wings. 
Hideo Yoshihara and Torstein Strand. J. Aero/ 
Space Sci., Sept., 1958, p. 600. Description of;a 
study showing that the optimum configuration is 
not necessarily unique in the case of subsonic 
leading edges with the possibility of having opti- 
mum warps with and without edge suction forces. 


Low-Speed Tests on 45-deg Swept-Back Wings. 
I—Pressure Measurements on Wings of Aspect 
Ratio 5. Ii—Balance and Pressure Measure- 
ments on Wings of Different Aspect Ratios. J. 
Weber, G. G. Brebner, and D. Kiichemann. Gt. 
Brit., ARC R&M 2882 (May, 1951) 1958. 89 pp. 
12 refs. BIS, New York, $5.85 


Aeroelasticity 


Analiz Svobodnykh Kolebanii Vokrug Tsentra 
Tiazhesti Neitral’nogo Samoleta bez Sobstven- 
nogo Dempfirovaniia s Releinym Avtopilotom. 
V. Iu. Rutkovskii. Aviom. i Telemekh., May, 
1958, pp. 435-447. 12 refs. In Russian. 
Analysis of free oscillations of a neutral aircraft 
— natural damping and with a relay auto- 
pilot 


On the Integral Equations of 
Subsonic Flutter Derivative Theory. s 
Williams. Gt. Brit., ARC R&M 3057 oo 
1958) 1958. 21 pp. 10 refs. BIS, New York, 
$1.35. 

Flutter of a Thin Membrane in Hypersonic 
Flow. F. D. Hains. J. Aero/Space Sci., Sept., 
1958, pp. 595, 596. Development of a numerical 
method of solution based on the method of char- 
acteristics. 


A Comparison of the Measured and Predicted 
Flutter Characteristics of a Series of penn bia 
of Different Aspect Ratios. H. Hal W. 
Chapple. Gt. Brit., ARC R@M 3071 
1958. 8 pp. BIS, New York, $0.63. Deriva- 
tion of a function representing the aerodynamic 
effects of aspect ratio on wing flutter speeds. 
Flutter calculations are made using this function 
as a correction to the derivatives obtained from 
two-dimensional theory, and good agreement is 
found between measured and calculated results. 


The Sampling Errors of Atmospheric Turbu- 
lence Measurements. Appendix—The — of 
Negative Binomial Distributions. N. I. Bullen. 
Gt. Brit., ARC R&M 3063 * pede 1956) 1958. 14 
pp. BIS, New York, $0.9 


Response of Elastic ae to Continuous 
Turbulence. R. L. Bisplinghoff, T. H. H. Pian, 
and K. A. Foss. (NATO AGARD Sth Structures 
& Materials Panel, Copenhagen, Apr. 29-May 3, 
1957.) NATO AGARD Rep. 117, Apr.-May, 
1957. 20 pp. 13 refs. Review of a method for 
determining the disturbed motion and the corre- 
sponding stresses of an elastic aircraft. The 
method is applied to the solution for the response 
of aircraft to continuous turbulence. 


Aircraft Loads in Continuous Turbulence. 
Appendix I—The Distribution of a Random 
Variable — Rise to an Exponential Distribu- 
tion of Peak Values. Appendix II—The Dura- 
tion of Turbulent Conditions. N. I. Bullen. 
(NATO AGARD 5th Structures & Materials 
Panel, Copenhagen, Apr. 29-May 3, 1957.) 
NATO AGARD Rep. 116, Apr.-May, 1957. 26 
pp. Analysis of data obtained from an in-flight 
counting accelerometer. 


A Study of the Correlation Between Flight and 
Wind-Tunnel Buffet Loads. W. B. Huston. 
(NATO AGARD 5th Structures & Materials 
Apr. 29-May 3, 1957.) NATO 

GARD Rep. 111, Apr.-May, 1957. 25 pp. 
fi refs. plications of methods developed in 
the study 5 random processes to the loads on an 
airplane wing in buffeting. 


Oscillating Wings in Compressible Subsonic 
Flow. W. P. Jones. Gt. Brit., ARC R&M 2855 
(Oct., 1951) 1957. 18 pp. 12 refs. BIS, New 
York, $0.99. Analysis of the problem of estimat- 
ing flutter and stability derivatives for wings of 
finite span, describing simple harmonic oscilla- 
tions in compressible flow. 

Vibration: A Survey of rs Applications. 

P. den Hartog. (IME Gen. Meeting, London, 
Nov. 15, 1957.) _ Chartered Mech. Engr., May, 
1958, pp. 196-217. 44 refs. Review of forced 
and self-excited vibrations, including problems in 
aircraft flutter, blade stall, shimmy, and combus- 
tion instability. 

Effect of Axial Loads 2 Lateral Vibrations of a 
Slender Member with Any Degree of End Re- 
straint. G. M. Smith and L. E. Young. J. 
Aero/ Space Sci., Sept., 1958, pp. 596, 597. 


Aeronautics, General 


Special Issue: Luftfahrttechnik. VDI Zeit- 
schrift, Apr. 11, 1958, pp. 443-478. 208 refs. 
In German. Partial Contents: Aerodynamik, F. 
W. Riegels. Neue Flugzeugformen—Von Flug- 
platzen unabhangige Schnellflugzeuge, Heinrich 
Hertel. Starrfliigler, E. W. Pleines. Unbemannte 
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Flugkérper, Eugen Sanger. 


Festigkeitsfragen 
bei Flugzeugen, Wilhelm Thielemann. Kunst- 
stoffe im Flugzeugbau, besonders im Zellen- 


bau, Peter Hoppe. Triebwerksanlangen, Otto 
Lutz. Raketenantriebe, R. H. Reichel. Flug- 
regelungen, Gerald Klein. Fernlenkung, Bernd 
Stiickler. Luftnavigation, K. E. Karwath. 
Compilation of papers covering such fields of re- 
search as: aerodynamics, VTOL and STOL air- 
craft, unnamed vehicles, strength problems, struc- 
tural materials, propulsion systems, propellants, 
navigation, guidance, and safety. 


Air Transportation 


Airline Demand: An Analysis of Some Fre- 
quency Distributions. M. J. Beckmann and F. 
Bobkoski. Nav. Res. Logistics Quart., Mar., 
1958, pp. 43-51. ONR-supported presentation of 
some empirical frequency distributions, together 
with some theoretical distribution functions. 


Planning a Britannia Operation on the North 
Atlantic. Jeds Williams. Bristol Quart., Spring, 
1958, pp. 171-174 


The Opportunity for Competitive Advantage 
Between Jet Transport Operators by Ground 
Efficiency. Marvin Whitlock. Airports ©& 
Airport Eng., Mar.-Apr., 1958, pp. 5-8. Discus- 
sion of new ground facilities and services that 
must be developed to operate the jet airliners. 


What Price Payloads? G. B. Eastburn. 
(SAE Annual Meeting, Detroit, Jan. 13-17, 
1958.) Esso Air World, Mar.-Apr., 1958, pp. 
119-123. Discussion of the development pro- 
gram planned for a helicopter airline operating in 
the New York area. 


Citeva Consideratii Asupra Pretului de Cost in 
Transportul Aerian. I. Guttman. Rev. Transp., 
May, 1958, pp. 217-223. In Rumanian. Analy- 
sis of the problem of air transportation from the 
economical point of view. 


Airplanes 


El Azor. Rev. Aero., Mar., 1958, pp. 196-199. 
In Spanish. Presentation of data on the Azor 
aircraft, including velocities, range, and operation. 


Die Spielarten der ‘‘Noratlas.’’ Mare Veyan. 
Luftfahrttechnik, May 15, 1958, pp. 136-140. 
In German. Presentation of data on Noratlas 
we variations and analysis of related prob- 
ems. 


Bréguet 1001 ‘‘Taon.’’ Luftfahrttechnik, May 
15, 1958, p. 130. In German. Brief description 
of _ Breguet 1001 Taon supersonic fighter air- 
craft. 


Description du Boeing 707, Air Revue, May, 
1958, pp. 238-248, cutaway drawing. In French. 
Description of the Boeing 707, including struc- 
tural and performance characteristics. 


Komponovka Kabin. N.Trunchenkov. Grash- 
danskata Aviatsiia, May, 1958, pp. 8, 9. In 
Russian. Description of the seating arrangement 
for the Soviet An-10A transport aircraft. 


Air Conditioning, Pressurization 

Air Conditioning by de Havilland. de Havil- 
land Gazette, Apr., 1958, pp. 58-61. Discussion 
of air-cooling systems used in aircrafts. A de- 
scription of temperature control equipment is 
made. 


Control Systems, Automatic Pilots 


Automatic Flight—The British Story. G. W. 
H. Gardner. (46th Wilbur Wright Memorial 
Lecture, London, May 15, 1958.) RAeS J., July, 
1958, pp. 477-496. Historical review of the de- 
velopment of automatic control systems for air- 
craft and missiles. 


Automatically Controlled Aircraft. F. H. 
George. Air BP, No. 7, pp. 20-23. Discussion 
on various means for automatic aircraft control. 


How Systems Engineering Affects Missile 
Design. R. J. Bibbero. Auto. Control, June, 
1958" pp. 7-12. 


Applying ‘‘Quickening’’ Techniques in B-58 
Flight Control System. Auto. Control, Apr. 
1958, pp. 19-23. Description of the three-ele- 
ment control system consisting of sensing, com- 
puting, and actuating parts. 


Description 
The Canadair Argus. Bristol Quart., Spring, 


1958, pp. 184-187. Design features of the RC- 
AF reconnaissance aircraft. 


Das kanadische Uberscha!l-Abfangjagdfiug- 
zeug Avro CF 105 ‘‘Arrow.’’ Alfred Aepli. 
Flugwehr & -Technik, May, 1958, pp. 123, 124. 
In German. Description of the Canadian super- 
sonic interceptor fighter Avro CF 105 ‘‘Arrow.’’ 


De Avro Arrow Canadese Pijl van Fikse Afme- 
tingen. Avia Vliegwereld, oA 8, 1958, pp. 254- 
257, cutaway drawing. In Presentation 
of design and performance Shameateeaice of the 
Avro CF-105 Arrow Mk-1 aircraft. 

Britain’s Latest Freighter. The Aeroplane, 
May 30, 1958, pp. 742-744. Discussion of some 


design features of the Armstrong Whitworth A. 
W. 650 series turboprop freighter. 


D.H. 121. de Havilland Gazette, Apr., 1958, 
pp. 40, 41, 56. Description of the D.H. 121, a 
short- and medium-haul operations jet airliner. 


Chance Vought Crusader. G. W. Heumann. 
Flug- Revue, June, 1958, pp. 21-23. In German. 
Brief historical survey of the development of 
chance Vought Crusader supersonic fighter. 


Das Uberschall-Mehrzweckeflugzeug Charan- 
con und seine Unterschallvariante. W. Seibold. 
Flugwelt, June, 1958, pp. 420, 421. In German. 
Description of the design and operation of 
Charancon, the supersonic aircraft, and its sub- 
sonic version. 


Le Morane-Saulnier M. S. 1500 ‘‘Epervier.’’ 
L’ Air, May, 1958, pp. 28,29. In French. Pres- 
entation of data on the Morane-Saulnier M.S. 
1500 *‘Epervier’’ aircraft. 

Vickers Viscount 810, 812 und 840—drei Kurz- 
und Mittelstreckenflugzeuge mit vielseitigen Ver- 
wendungsmdglichkeiten. E. W. Miiller. Flug- 
welt, June, 1958, pp. 411-413. In German. De- 
scription of the Vickers Viscount general purpose 
short- and medium-range aircraft. 


The Remarkable X-Craft. F. I. Ordway, III. 
Space J., Spring, 1958, pp. 21-27. Discussion of 
the development of experimental aircraft by the 
USAF. 


Jet Trainer Doubles as Transport. Irwin 
Stambler. Av. Age, June, 1958, pp. 30,31. Pres- 
entation of diagrams for the air conditioning 
system, the wing slot-track installation, operation 
of speed brake-door combination, and basic cabin 
arrangement. 


A Tail of Two Jets. Pierre Satre and Guy 
Michelet. Air BP, No. 7, pp. 6-9. Discussion 
of the factors leading to the choice rear-mounted 
engines for the SE-210 Caravelle. Aerodynamic 
and structural advantages, as well as safety fea- 
tures, are described. 


Ejection Seats 


Multi-Directional G Protection in Space Flight 
and During Escape. H. J. von Beckh. J. Av. 
Med., May, 1958, pp. 335-342. 22refs. Descrip- 
tion of an anti-G ejection capsule. Its functions 
in flight and during escape are discussed. 


Landing, Landing Loads 


Study of Ground-Reaction Forces Measured 
During Landing Impacts of a Large Airplane. 
Appendix—Method of Computing Spin-Up and 
Spring-Back Drag Forces in an Unsymmetrical 
Landing Impact of a Dual-Wheel Landing-Gear 
Truck. A. W. Hall, R. H. Sawyer, and J. M. 
McKay. U-.S., NACA TN 4247, May, 1958. 
10 pp. Description of tests conducted on a B-29 
bomber to determine the landing-impact and 
landing-approach conditions. Vertical drag and 
side forces are presented. The effects of vertical 
force with vertical velocity and of the coefficient of 
friction with slip ratio during the spin-up process 
for both wet and dry concrete surfaces are deter- 
mined. 

A Review of Landing Gear and Ground Loads 
Problems. J.F. McBrearty. (NATO AGARD 
5th Structures & Materials Panel, Copenhagen, 
Apr. 29-May 3, 1957.) NATO AGARD Rep. 
118, Apr.-May, 1957. 22 pp. 


Landing Gear 


Recent Advances in Design of Aircraft Tires 
and Brakes. I—Tires. H. W. Trevaskis. Ind. 
Aeronautics, May, 1958, pp. 21-24. 

Electra Landing Gear Touchdowns a Year 
Designed for 12,000. J. B. Beach. Av. Age, 
June, 1958, pp. 40-45. Description of landing 
gear designed for long-term reliability and main- 
tenance-free operation. 

Messier-Fahrwerke. René Lucien. Luftfahrt- 
technik, May 15, 1958, pp. 144-147. In German. 
Description of landing gear designs for modern 
aircraft. 


Operating Characteristics, Economics 


Turbojet, Turboprop, and Reciprocating Com- 
pound Powered Airplane Transport Systems; A 
Comparison of the Aerodynamic and Economic 
Characteristics. R. W. Allen. Aero/ Space 
Energ., Sept., 1958, pp. 40-43, 48. Presentation 
of a parametric comparison between the different 
power systems, using a net profit over cost ratio 
(profit margin) as the measure of effectiveness of 
the transport system, including the interaction of 
the aerodynamic and economic parameters. Re- 
sults show that the turboprop- and _ turbojet- 
powered airline transport systems are economi- 
cally competitive under certain conditions. 


Piloting 

Aircraft Handling Qualities and Pilot 
Characteristics. Ch. B. Westbrook and 2 
McRuer. (NATO AGARD 10th Ficht Test 
Panel, London, May 20-24, 1957.) NATO 


AGARD Rep. 125, May, 1957. 21 pp. 10 refs. 
Discussion of the evolution of handling quality 
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requirements in the USAF, and review of the re. 
search program to determine the dynamic char- 
acteristics of the human pilot. 


Exercising in the Vulcan. The Aeroplane, 
May 30, 1958, pp. 745-749. Discussion of a 
simulated mission flown in an Avro Vulcan. 


Airports 


A Symposium on Airfield Construction on 
Overseas Soils. II. I. K. Nixon and B. O. Skipp. 
a ia & Airport Eng., Mar.-Apr., 1958, pp. 
18-20. 

Gatwick: London’s New Airport. Roy Allen, 
Aeronautics, Apr., 1958, pp. 30-42. 


Embakasi. Airports & Airport Eng., Mar.- 
Apr., 1958, pp. 11-17. Description of the airport 
at Nairobi, Kenya, which includes general layout, 
embarcation features, freight loading, lighting’ 
and fueling facilities. 


Aviation Medicine, Space Medicine 


Uber die Aerodontalgie und andere Aerodonto- 
pathien. W. Freitag. DVL Bericht No. 61, 
Apr., 1958. 47 pp. 17 refs. Westdeutscher 
Verlag, K6éln & Opladen. In German. Discus- 
sion covering aerodontalgy which is concerned 
with the effects of altitude and associated factors, 
such as temperature, on pathological conditions 
of the mouth. The pathological factors which 
contribute to the adverse effects of altitude condi- 
tions are discussed. 

Discriminative Behavior Following Repeated 
to Negative Acceleration. R. M. Her- 
rick, J. L. Meyers, and R. E. Burke. (Aero Med. 
Assoc. 28th Annual Meeting, Denver, May 6, 
1957.) J. Av. Med., May, 1958, pp. 343-349) 
Description of animal studies relating acceleration 
and behavior; quantitative information on dis- 
criminative behavior is obtained. 

Human-Factors Engineering. IV-Design g 
Controls. V—-Fitting Man and Machine. J.D. 
Vandenberg. Mach. Des., June 12; 26, 1958, pp. 
123-126; 123-126. 23 refs. 

Human Factors in Weapon System Develop- 
ment. Ch. H. Roadman and Ch. C. Limburg. 
(Aero Med. Assoc. 28th Annual Meeting, Denver, 
May 7, 1957.) J. Av. Med., May, 1958, pp. 
366-370. Discussion of personnel requirements 
to operate and maintain the equipment of any 
new weapon system. 

An Analysis of the Actions of Adrenal Cortical 
Steroids and Other Agents on the Sri Cortex 
of the Rabbit. G. A. Misrahy. USAF WADC 
TR 57-114 [AD 118077], Mar., 1958. 91 pp. 
328 refs. 

Effect of Altitude and Oxygen Upon Primary 
Taste Perception. Beatrice Finkelstein and R. 
G. Pippitt. (Aero Med. Assoc. 28th Annual 
Meeting, Denver, May 6, 1957.) J. Av. Med., 
May, 1958, pp. 386-391. Results indicating that 
no effects of either altitude or breathing pure oxy- 
gen on primary taste sensations were found. 

Unusual Pulmonary Lesions in Flying Per- 
sonnel. R. J. Solomon, E. P. Smith, and P. G. 
Keil. (Aero Med. Assoc. 28th Annual Meeting, 
Denver, May 7, 1957.) J. Av. Med., May, 1958, 
pp. 371-374. Description of pulmonary investi- 
gations performed to determine unusual lesions 
and presentation of 10 case studies. 

Basic Research in the Field of Vision. I—On 
the Electrical Response of the Human Eye to Red 
Stimuli of Different Shape. L. R. Rositani. 
II—Effect of Pulse Shape on Critical Flicker Fre- 
quency at Different Luminance Levels. Marcella 
Bittini. Inst. Naz. Oltica TN 1 (AFOSR TN 
58-208) [AD 152249], Jan., 1958. 12 pp. (Also 
in OSA J., July, 1958, pp. 437,438. I.) 

Temporary Threshold Elevation Produced by 
Continuous and ‘‘Impulsive’’ Noises. Walter 
Spieth and W. J. Trittipoe. (USAF CRC TN 
67-7.) ASA J., June, 1958, pp. 523-527. 

Temporary Threshold Shift and Masking for 
Noise of Uniform Spectrum Level. J. D. Miller. 

SA J., June, 1958, pp. 517-522. USAF-sup- 
ported research. 

Fenomeni Cosmici ed Eventi Umani. Giorgio 
Piccardi. Tec. Ital., Jan.-Feb., 1958, pp. 1-11. 
In Italian. Discussion covering terrestrial, solar, 
and cosmic phenomena, as well as their effect on 
living organisms. 

Selection of a Sealed Cabin Atmosphere. D. 
G. Simons and E. R. Archibald. (Aero Med. 
Assoc. 28th Annual Meeting, Denver, May 8, 
1957.) J.Av. Med., May, 1958, pp. 350- -357. 
16 refs. Discussion of various physiological vari- 
ables to be considered in designing a_balloon- 
borne capsule for a 24-hour manned flight. The 
selection of cabin pressure in relation to possible 
occurrence of bends in the event of decompression 
is determined. 


Chemistry 


The Behaviour of the Cadmium Electrode in 
the Alkaline Nickel-Cadmium Accumulator. G. 
Grube and E. Doetsch. (Z. Elektrochem., No. 5, 
1936, pp. 247-258.) Gt. Brit., RAE Lib. Transl. 
716, Feb.,1958. 2lpp. 13 refs. 

The Selective Determination of Nitrogen in 
Various Forms by the Micro-Kjeldah! Method. 
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KIDDE SYSTEMS GUARD 
THESE JET AGE LEADERS! 


Every new four-engine jet and turboprop commercial airliner now 
under construction in the U.S.A. is equipped with a Kidde 
CF.Br fire extinguishing system! Thirty years of leadership in 
the engineering of air safety equipment went into its development. 
Practically non-toxic, non-corrosive, with excellent three dimen- 
sional extinguishing properties, CF,Br permits lighter system 
weight, greater overall extinguishing efficiency. Kidde stands 
ready to help solve your problems in air safety devices. For more 
information write Kidde today. 


Walter Kidde & Company, Inc., Aviation Division 
1011 Main Street, Belleville 9, N. J. 


Walter Kidde-Pacific, Van Nuys, California 
Walter Kidde & Company of Canada Ltd. 
Montreal—Toronto—Vancouver 


District Sales Engineering Offices: 
Dallas, Tex.—Dayton, Ohio—St. Louis, Mo. 
Seattle, Wash.—Van Nuys, Calif.—Washington, D. C. 
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Fire and Overheat Detecto 
Kidde’s combined Fire and Over- 
heat Detector, first of its kind on 
the market, has been proven suc- 
cessful by more than seven years 
of intensive flight experience on 
all kinds of aircraft! 


Kidde Inflatair Units 
Using bottled air at 3000 psi to 
aspirate free air at a ratio of as 
much as 20 to 1. Kidde Inflatair 
units have proved their effective- 
ness in flotation gear, lifting bags, 
emergency escape chutes, drone 
and missile recovery cushions. 


Aircraft Crash Fire Prevention 
As an example of its never-ending 
research for the latest air safety 
equipment, Kidde recently devel- 
oped and supplied the protection 
devices used in full-scale Aircraft 
Crash Fire Prevention tests. 


Portable Fire Extinguishers 
First in Portable Aircraft Fire 
Extinguishers, Kidde offers you 
a complete line, brings you a 
standard of quality and dependa- 
bility that has been second to 
none for more than 30 years! 
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Ill. M. Marzadro. (Mikrochem., No. 40, 1953, 
pp. 359-366.) Gt. Brit., RAE Lib. Transl, 731, 
Apr., 1958. 8 pp. 

Microtitrations with Ethylene Diamine Tetra- 
Acetic Acid. V—The Indirect Determination of 
Silver and the Halogens. H. Flaschka. (\Mikro- 
chem., No. 40, 1953, pp. 21-26.) Gt. Brit., RAE 
Lib. Transl. 730, Apr., 1958. 5 pp. 


Computers 


Elektromashinnoe Vychislitel’noe Ustroistvo. 
V. V. Gorskii. Avtom. i Telemekh., May, 1958, 
pp. 448-455. In Russian. Description of the 
design and operation of an electromechanical 
computing device. 

Elektricheskie Ustroistva dlia Resheniia Alge- 
braicheskikh Uravnenii. N. N. Mikhailov. 
Avtom. i Telemekh., May, 1958, pp. 477-490. 24 
refs. In Russian. Evaluation of existing elec 
trical devices for solving algebraic equations. 

A New Approach to Analog-Digital Conversion. 
Max Palevsky. (JSA 12th Annual Conf., Cleve- 
land, Sept. 10, 1957.) ISA J., Apr., 1958, pp. 
42-44, Description of a completely transisto- 


rized system which can reduce the number of data 
channels required in many engineering applica- 
tions. 

Experiments in the Smoothing of Data. Mark 
Lotkin. Quart. Appl. Math., July, 1958, pp. 169- 
173. 


Thermal Computers. II. G. A. Gedney. 
ARMA Enzg., Feb.-Mar., 1958, pp. 16, 17. Dis- 
cussion of the mechanism of heat transfer and the 
method to obtain an open loop transfer function of 
the thermal unit. 


The Automatic Creation of Literature Abstracts. 
H. P. Luhn. (JRE Nail. Conv., New York, Mar. 
24,1958.) IBM J. Res. & Devel., Apr., 1958, pp. 
159-163. Description of some exploratory re- 
search on automatic methods of abstracting. 


Control Theory 


O Sviazi Koeffitsientov Oshibok s Amplitudnoi 
i Fazovoi Chastotnymi Kharakteristikami Linei- 
nykh Vosproizvodiashchikh Sistem. V. G. 
Vasil’ev. Aviom. t Telemekh., May, 1958, pp. 
475,476. In Russian. Analysis of error coeffi- 
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actuator motor 


Precision-built 
instrument motor 


POWER... 


For Top Performance of Your Product 


“Prescription Power” with a Lamb Electric Motor means— 


...a motor designed to the exact requirements of your 


product... 


... built-in dependability that results from 42 years of 
small-motor experience . . . 


... favorable cost because our plant is geared to produce 
custom-made quality on a volume basis. 


May we demonstrate these advantages of Lamb Electric 


Motors to you? 


THE LAMB ELECTRIC COMPANY 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 


In Canada: Lamb Electric—Division of S 


Company Ltd.—Leaside, Ontario 
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cients and phase and amplitude characteristics 
of linear reproducing systems. 


Tsyrkuliarnaia Peredacha Signalov Teleme- 
khaniki pri Kombinatsionnom Metode Izbiraniia, 
P. Kurdiukov. Avtom. i Telemekh., May, 
1958, pp. 456-463. In Russian. Evaluation of 
various methods of selection for circular transmis- 
sion of remote control data. ; 


Metodika Sostavieniia Peredatochnykh Funk. 
tsii a. Sistem Regulirovaniia, Soder- 
zhashchikh Ekstrapoliruiushchie Ustroistva. Ss. 
S. Ermakov and E. M. Esipovich. Aviom. ; 
Telemekh., May, 1958, pp. 401-407. In Russian. 
Development of a method for the formulation of 
transfer functions in sampled data control systems 
with extrapolating devices. 

Impul’snye Avtomaticheskie Sistemy s Ekstra- 
poliruiushchimi Ustroistvami. Ia. Z. Tsypkin, 
Avtom. i Telemekh., May, 1958, pp. 389-400. 11 
refs. In Russian. Evaluation of sampled data 
systems with extrapolating devices and presenta- 
tion of equations describing the process at any 
moment of time. 

Analiticheskii Metod Sinteza Lineinykh Sistem 
Avtomaticheskogo Upravleniia pri Nalichii Po- 
mekh i Zadannoi Dinamicheskoi Tochnosti. kK. 
I. Kurakin. Avtom. i Telemekh., May, 1958, pp. 
408-417. 16 refs. In Russian. Development 
of an analytical method of synthesis for linear con- 
trol systems in the presence of noise and in the 
case of specified precision. 

Effects of Limiting Error in Feedback Analysis. 
P. E. Straight and Franklin Michaels. ISA J., 
May, 1958, pp. 44-49. Application of an analog 
computer to the solution of nonlinear feedback 
problems. 

Die franzésische Servosteuerung System ‘‘Ja- 
cottet.”’ Alfred Aepli. Flugwehr & -Technik, 
May, 1958, pp. 124, 125. In German. Design, 
operating, and structural characteristics of the 
French servosystem “‘Jacottet.”’ 

Viiianie Zony Lineinosti i Uchastkov Nasy- 
shcheniia na Dinamiku Dvukhkaskadnogo Servo- 
mekhanizma. N.S. Gorskaia. Avtom. i Tele- 
mekh., May, 1958, pp. 418-434. In Russian. 
Study of the effect of the linear zone and satura- 
tion regions on the dynamics of two-stage servo- 
mechanisms. 

Requirements for Evaluating Servo Valve Per- 
formance. Ray Spencer. Auto. Control, June, 
1958, pp. 24, 25. 

Essais d’Endurance de Servo-Commandes Ir- 
reversibles. L. Vandenberghe. (NATO AG- 
ARD 10th Flight Test Panel, London, May 20-24, 
1957.) NATO AGARD Rep. 128, May, 1957. 
6 pp. In French. Description of the numerous 
tests imposed on an irreversible servocontrol from 
manufacture to series installation. 


Education & Training 


Masking of English Words by Prolonged Vowel 
Sounds. J. J. O'Neill and J. J. Dreher. ASA i i 
June, 1958, pp. 539-543. 11 refs. USAF-sup- 
ported study. 

Three Axis Flight Simulator Systems. W. E. 
Gibson. Aero/Space Engrg., Aug., 1958, pp. 36- 
39, 44. Description of a method of physical sim- 
ulation and “equipment evaluation”’ through the 
rise of a complete three-dimensional flight simu- 
lator consisting of two major components: the 
flight table and the pitch gimbal. 


Electronics 
Amplifiers 


Solid State Microwave Amps Promise Milli- 
Microwatt Reception. James Holahan. 
Age, June, 1958, pp. 140-149. 


Antennas, Radomes 


The Electromagnetic Theory of the Spherical 
Luneberg Lens. C. T. Tai. Appl. Sci. Res., 
Sect. B, No. 2, 1958, pp. 113-130. 19 refs. 
USAF-sponsored study. 


Communications 


Improved Reliability in Air-Ground Communi- 
cations. B.F. Miller. JSA Natl. Summer Meet- 
ing, Los Angeles, July 8-11, 1958, Preprint 838. 
Members, $0.35; nonmembers, $0.75. 8 pp. 
Discussion which concludes that the principal lim- 
itations on communication system performance 
is the limitation imposed by signal propagation. 
Improvements require both the extension of reli- 
able communication range and the handling of 
greater volumes of information. It is suggested 
that satellite relay stations could help ameliorate 
this situation. 

Radiooborudovanie Samoleta I-18. E. Belo- 
usov. Grashdanskaia Aviatsiia, May, 1958, pp. 
10, 11. In Russian. Description of the radio 
equipment for the Soviet II-18 aircraft, including 
main and auxiliary communication systems, anten- 
nas, and other installations. 

A Theoretical Rate-Amplitude Relation in Me- 
teoric Forward-Scattering. C. O. Hines. Can. 
J. Phys., May, 1958, pp. 539-554. 12 refs. De- 
velopment of a rate-amplitude relation for radio 
signals from ionized meteor trails. 
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Construction Techniques 


Encapsulating Airborne Electronics. Ll. A. 
Dixon, Jr. SPE J., May, 1958, pp. 34,35. Pres- 
entation of the properties of flexible epoxy resin 
systems for electronic encapsulation. 

Electromechanical Modules Through in-Line 
Packaging. B. D. Swirsky. Av. Age, June, 
1958, pp. 1386-139. Discussion on the application 
of electromechanical parts operating off a common 
shaft to functional subsystem modules. 

Magnetic Materials in Ultrahigh Temperature 
Electronic Transformers. H.B.Harms. (AJEE 
Winter Gen. Meeting, New York, Feb. 2-7, 1958.) 
Elec. Eng., May, 1958, pp. 408-412. 

Sztuczny Korund jako Tworzywo na Panewki 
Lotniczych Przyrzad6w Poktadowych. Roman 
Calikowski. Tech. Lotnicza, Mar., 1958, pp. 34- 
37. In Polish. Discussion of the use of syn- 
thetic corundum as bearing material for flight in- 
struments. 


Cooling 

Cooling Electronic Gear. G. J. Strickroth. 
Ordnance, May-June, 1958, pp. 1,082, 1,083. 
Development of a system utilizing water as a 
coolant to dissipate the heat built up at high 
speed by aircraft and missiles. 

Equipment Cooling Techniques for Supersonic 
Aircraft. G.L. Roth. Aero/Space Engrg., Aug., 
1958, pp. 40-44. 10 refs. Study evaluating the 
problems involved in the utilization of liquid and 
air-cooling techniques as applied to equipment 
cooling. Possible solutions to these problems are 
shown, and a comparative analysis of liquid versus 
air cooling is made. 


Dielectrics 

Absorption in a Dielectric Slab. M. P. Ba- 
chynski. Can. J. Phys., Apr., 1958, pp. 456-461. 
Derivation of the amount of incident energy trans- 
mitted, reflected, and absorbed by a parallel slab 
of dielectric material. 


Electronic Tubes 


Traveling-Wave Tube List. 
June 25, 1958, pp. 28-33. 


Electronic. Des., 


Magnetic Devices 


Collective Electron Ferromagnetism. IiI— 
Relative Magnetization of Ferromagnetic Alloys. 
Hiroshi Watanabe. Phys. Soc. Japan J., Feb., 
1958, pp. 187-198. 38 refs. 

Temperature Dependence of the g-Factor and 
Relaxation Time in Ferromagnetic Resonance of 
Some Ferrites. A. P. Komar and N. I. Krivko. 
Sov. Phys.-Dokl., May-June, 1957, pp. 217-219. 
Translation. 

Variatia Frecarilor Interne la Substante Fero- 
magnetice Supuse la Tractiune in Cimp Magnetic 
Sinusoidal. A. Cisman, B. Rothenstein, and I. 
Hrianca. Stud. Cerc. Stiint., Ser. Stiint. Teh., 
July-Dec., 1957, pp. 71-77. In Rumanian, with 
summaries in French and Russian. Determina- 
tion of the internal-friction variations in ferro- 
magnetic substances subjected to traction in a 
sinusoidal magnetic field. 

On the Hall Effect in Ferromagnetics. N. V. 
Bazhanova. (Zhurnal Teoret.i Exper. Fiz., Sept., 
1957, pp. 567-570.) Sov. Phys.-JETP, Mar., 
1958, pp. 440-443. Translation. Study of the 
Hall effect in Fe-Ni alloys of the group near the 
Curie temperature. 


Measurement & Testing 


Improved Bridge Method for the Measure- 
ment of Core Losses in Ferromagnetic Materials 
at High Flux Densities. W. P. Harris and I. L. 
Cooter. J. Res., May, 1958, pp. 509-516. 11 
tefs. 


Quadratic Interpolation in Tapped Potentiom- 
eter-Type Function Generators. Appendix I— 
The Operation of the Quadratic Interpolation 
Circuit. Appendix II—‘‘Characteristic Resist- 
ance’ of Potentiometer with Finite Source Re- 
Sistances. Appendix IIT—Effect of Interaction 
Between Sections Due to Finite Source Resist- 
ance. E. M. Deeley. Gt. Brit, RAE TN M.S. 
43, Dec., 1957. 34 pp. 17 refs. 


Networks, Filters 


The Lagrange Equations in Electrical Networks. 
F. L. Ryder. Franklin Inst. J., July, 1958, pp. 
27-38. Derivation of the Lagrange equations in 
such a manner that the usual differentiations 
need not be carried out. These expressions are 
suitable for mesh nodal analyses. 


The Equivalent Transmission Line of a Linear 
Four-Terminal Network; Calculations with Cas- 
cade-Connected Four Terminal Networks. C. 
G. Aurell. Chalmers Tek. Hégskolas Handlingar, 


No. 187, 1957. 39 pp. 
Noise, Interference 


Measurements of Noise Radiation at 10 cm. 
from Glow Lamps. Vidor Westberg. Chalmers 
Tek. Hégskolas Handlingar, No. 180, 1956. 14 
Pp. 


Oscillators, Signal Generators 
Una Modificaci6n del Oscilador de Puente de 


Wien. J. G. Ibeas and V. Aleixandre. Rev. 
Cienc. Apl., Mar.-Apr., 1958, pp. 116-121. In 
Spanish. Description of a modified Wien bridge 
oscillator. 

Minimize Local Oscillator Drift. 
and D. J. Carlson. Electronic Des., June 25, 
1958, pp. 18, 19. Presentation of five significant 
factors affecting drift and a method of analysis. 


I. W. Y. Pan 


Piezoelectricity 

Transients in Piezoelectric Resonators. P. V. 
Ponomarev. Sov. hys.-Acous., July-Sept., 
1957, pp. 260-271. Translation. Study of a 


quartz plate when it is operating as a radiator and 
receiver and when pulses of arbitrary shape act 
upon it. A method is provided for computing the 
basic parameters of a resonator which operates in 
a pulse regime. 

Distributed Transducer. 
and R. M. Wilmotte. ASA J., June, 1958, pp. 
528-532. USAF-supported analysis of the theory 
for the distributed transducer. The device is an 
array of transducers separated by inactive mate- 
rial having a common characteristic impedance. 


Radar 


Evaluacién de Radares de Banda X. L. G. 
Dominguez. Rev. Aero., Apr., 1958, pp. 289-297. 
In Spanish. Description of experiments for the 
evaluation of radar equipment used for meteoro- 
logical predictions and traffic control. 

Radio Telescope Sees 2 Billion Light Years 
C. N. Kington. Electronics, June 6, 1958, pp. 
70-75. Physical description, operational re- 
quirements, and operating data for the Jodrell 
Bank radio telescope. 


Martin Greenspan 


Reliability 


Reliability Improvement by the Use of Multi- 
ple-Element Switching Circuits. W. E. Dickin- 
son and R. M. Walker. IBM J. Res. & Devel., 
Apr., 1958, pp. 142-147. Extension of the results 
of an analysis made by von Neumann, Moore, 
and Shannon on the reliability of switching cir- 
cuits to the case of permanent failures of the ele- 
ments. 


Resistors 


Large Signal Behaviour of Directly Heated 
Thermistors: A Study of Thermistor Circuits. 
III. S. Ekeléf, N. Bjérk, and R. Davidson. 
Chalmers Tek. Hégskolas Handlingar, No. 185, 
1957. 3lpp. 14 refs. 


Microwave Applications of Thermistors. II. 
Electronic Des., July 23, 1958, pp. 


Semiconductors 


Special Issue: Diodes, 1958. Electronic Des., 
July 23, 1958, pp. 19-45. Partial Contents: Too 
Many Diodes, G. H. Rostky. Diode Packages 
and Junctions, J. S. Gillette and W. B. Mitchell. 
Choosing Diodes for Typical Pulse Systems, F. 
C. Jarvis. With Zener Diodes the Curves Make 
all the Difference, B. B. Daien. Rectifiers in 
High Voltage Power Supplies, F. W. Gutzwiller. 
Reducing Standby Current with Silicon Diodes, 
T P. Sylvan. Rectifier Power Nomogram, J. 
S. Gillette and W. B. Mitchell. Designing with 
Diodes, Henry Chu, T. H. Bridgeman, G. A. 
ig A. B. DuMont, N. D. Miller, and R. J. 
Ransil. 


On the Statistical Mechanics of Impurity Con- 
duction in Semiconductors. P. J. Price. IBM 
J. Res. & Devel., Apr., 1958, pp. 123-129. An- 
alysis of the statistical mechanics of the impurity 
electron states for a semiconductor with a low 
density of donors and a small amount of acceptor 
compensation. 


Anti-Reflexion Coatings for Indium Antimonide 
and Other Semi-Conductor Filters. S. D. Smith 
= in S. Moss. J. Sci. Instr., Mar., 1958, pp. 

5, 106. 


Transmission Lines 


Induced Overvoltage-Surges on Transmission 
Lines and Their Bearing on the Lightning Per- 
formance at Medium Voltage Networks. R. 
Lundholm. Chalmers Tek. Hégskolas Handlingar, 
No. 188, 1957. 117 pp. 13 refs. 


Two Capacitive Windows in a Rectangular 
Wave Guide. H. Bosma. Appl. Sci. Res., 
Sect. B, No. 2, 1958, pp. 131-144. Investigation 
on the behavior of two capacitive windows located 
at small distances apart in comparison with the 
wavelength. 


Screening by Outer Conductors in Flexible 
Coaxial Cables. L. Krugel. (Telefunken. Z., 
No. 29, 1956, pp. 256-266.) Gt. Brit., RAE Lib. 
Transl. 714, Apr., 1958. 16 pp. 19 refs. 


Wave Theory 


Microwaves. E. L. Ginzton. 


Science, Apr. 
18, 1958, pp. 841-851. 


Discussion of the princi- 


October 1958 + 


ples, applications, and current problems in micro- 
wave research. 

A New Method for Space Charge Wave Inter- 
action Studies. I. Sven Olving. Chalmers Tek. 
Hégskolas Handlingar, No. 178, 1956. 12 pp. 
Description of a method for studying the helical- 
type travelling wave tube by a modification in 
tube geometry. 

The Interaction Between an Obliquely Incident 
Plane Electromagnetic Wave and an Electron 
Beam. II. Hans Wilhelmsson. Chalmers Tek. 
Hoégskolas Handlingar, No. 198, 1958. 31 pp. 

The Electromagnetic Interaction Between Two 
Crossing Electron Streams. I, II. G. H. Joshi. 
Chalmers Tek. Hégskolas Handlingar, No. 183; 
197, 1958. 30; 10 pp. 15 refs. Analysis of the 
interaction between an infinitely extended velocity 
modulated z-stream and an infinitely extended x- 
stream. The pressure of the Lorentz:term in the 
equation of motion is also taken into account. 


Equipment 


Electric 


High-Temperature Insulation for Wire. J. D. 
Walton and J. N. Harris. USAF WADC TR 
Bia Pt. I [AD 151062], Mar., 1958. 29 pp. 

 reis. 


Study, Standardization of Specifications for 


Insulated Cable. Appendix I—Specifications 
Included in Study. Appendix II—Test Proce- 
dures. Appendix III—Military Specification— 
Cables, Electrical, Multiconductor. R. E. Bar- 
biere, P. M. Costanzi, and B. J. Compton. 
USAF WADC TR 57-423 [AD 151096|, Dec., 
1957. 241 pp. 


Hydraulic & Pneumatic 


The Case for Pneumatics; An Examination of 
the Possibilities of High and Low Pressure Sys- 
tems. J. Wotton. Auzrcraft Eng., July, 1958, pp. 
190-198. Description of a general system and 
applications to undercarriages, landing flaps, air 
brakes, nose wheel steering, windscreen wipers, 
variable jet nozzles, and wheel brakes. Some 
operational drawbacks are noted, but the ad- 
vantages in safety and weight saving are stressed. 

Better Turbopump Design Ups Aircraft Range. 
Joseph Bendersky. Av. Age, June, 1958, pp. 72- 
75, 77. Development of the small bleed air tur- 
bine, the AP-15. 

1000°F Pneumatic System for Missiles and 
Aircraft. C. H. Cannon. Auto. Control, June, 
1958, pp. 13-17. Description of Lockheed’s 
1,000°F. pneumatic system. Analytical studies 
are presented, and several valve types are dis- 
cussed. 


Fuels & Lubricants 


What’s the Score on Turbine Fuel. C. Camp- 
bell. Can. Aero. J., June, 1958, pp. 200-204. 
Discussion of the existing turbine fuel handling 
techniques and evaluation of the relative merits of 
kerosene and JP-4. 

Pump Tests at High Temperature on a Syn- 
thetic Hydraulic Fluid with Colloidal Additives. B. 
Perks and M. J. Westcott. Gt. Brit. RAE TN 
Mech. Eng. 254, Feb., 1958. 11 pp. Test re- 
sults which indicate that lubricating properties 
were not improved by either graphite or molyb- 
denum disulphide additives. 

Ole fiir Uhren und Bordgerite. H. Koppe. 
DFL Inst. Luftfahrzeugf., Bericht 75, Oct. 30, 
1957. 47 pp. 332 refs. In German. Evalua- 
tion of animal, vegetable, mineral, and synthetic 
oil properties, as well as those of solid lubricants, 
and review of methods for testing and improving 
oil characteristics for clock and instrument appli- 
cation. 

Propellenti Liquidi per Endoreattori. Ernesto 
Macioce. (15th Natl. Aerotech. Congr., Cagliari, 
Sept. 25-29, 1957.) L’Aerotecnica, Feb., 1958, 
pp. 44-47. In Italian. Discussion on the re- 
quirements of liquid propellants for rocket en- 
gines. Information on future developments of 
chemical propellants is included. 

Hydrogen Peroxide Injection Boosts Jet Thrust 
120%. L.E. Varadi. Av. Age, June, 1958, pp. 
54-58. 

Dilution of Cryogenic Liquid Rocket Propellants 
During Pressurized Transfer. S. reenfield. 
Aircraft Eng., July, 1958, pp. 210-212. Discus- 
sion of conditions affecting the dilution of liquid 
oxygen with nitrogen and ways of preventing it. 

Exotische Raketenbrennstoffe: Borane. E. 
W. Schmidt. Raketentech. & Raumfahrtforsch., 
July-Sept., 1958, pp. 98, 99. 18 refs. In Ger- 
man. Discussion covering the development and 
rocket application of boron propellants. 


Ice Formation & Prevention 


Meteorological Aspects of the Icing Problem. 
Bristol Quart., Spring, 1958, pp. 175-178. Dis- 
cussion of tests on engine icing to ascertain the crit- 
ical level of total free water concentration asso- 
ciated with engine disturbance. 


Instruments 


Pictorial Cockpit Display Cuts Down Pilot 
Error. G. W. Hoover. Av. Age, June, 1958, pp. 
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32-39. Description of a completely integrated 
pictorial instrument display system. 


On Transient Response Recording with an Os- 
cillatory Instrument. H. Voepel. Gi. Brit., 
RAE TN Aero. 2540, Nov., 1957. 19 pp. An- 
alysis of the motions of systems having finite 
damping. It is shown that even a small amount 
of damping has a marked influence on recording 
errors in that the useful range of frequency ratios 
is reduced as compared to the more well-known 
ratios for recording the response of a system per- 
forming a simple harmonic motion of constant 
amplitude. 


Investigations of Vertical Displays of Altitude 
Information. I-—-Comparison of a Moving-Tape 
and Standard Altimeter on a Simulated Flight 
Task. II-—The Effect of Practice on Performance 
of a Simulated Flight Task Using a Moving-Tape 
Altimeter. R.F. Mengelkoch and R. C. Houston 
USAF WADC TR 57-384; TR 57-385 [AD 
130828; 130829)|, Mar., 1958. 24; 21 pp. 


A Strain-Gage Transducer for Bourdon Tubes. 
L. E. Bollinger. ISA J., Apr., 1958, pp. 37-39. 
USAF-supported development of a method to con- 
vert any Bourdon-tube instrument into an elec- 
tiical transducer with proportional signals accept- 
able to a standard self-balancing recorder. 


**Wing Flow’’ Tests on a Conrad Yawmeter at 
Transonic Speeds. R. Rose. Gt. Brit., RAE 
TN Aero. 2550, Feb., 1958. 6 pp. 

The Calibration at Transonic Speeds of a Mk. 
9A Pitot Static Head with and Without Flow 
Through the Static Slots. Appendix I—The 
Possible Reynolds Number Effect of the Drain 
Hole. Appendix II—The Effect of Rate of De- 

- D.G. Mabey. Gt. Brit.. ARC CP 384 
(Mar., 1957) 1958. 27 pp. BIS, New York, 


An Introduction to Gyroscopics. P. S. Jor- 
gensen. ARMA Enz., Feb.-Mar., 1958, pp. 11-— 
1 Derivation of the equations of rotation of 
a rigid body, used to develop the relations that 
reveal the basic gyroscopic phenomena of preces- 
sion and nutation. Some of the features of the 
Arma two-degree-of-freedom gyro are discussed in 
relation to these two fundamental aspects of 
gyroscopics. 

A Vibrating Condenser Manometer. J. L. 
Williams and G. F. Eveson. J. Sci. Insty., Mar., 
1958, pp. 97-99. Description of the design and 
operating characteristics of a device used to meas- 
ure fluctuating air pressures. 

Resistance Thermometers for the Determina- 
tion of Heat Flux in Rapid Transient Phenomena. 
J. Cornillon. (Docaéro, July, 1957, pp. 35-52.) 


Gt. Brit., RAE Lib. Transl. 713, Jan., 1958, 23 
pp. 18 rets. 

The Investigation of Oxygen-Coated Silver and 
Platinum by Potential Measurements and Charg- 
ing Curves. G. Radlein. (Z. Elektrochem., No. 6, 
1957, pp. 727-733.) Gt. Brit., RAE Lib. Transl. 
727, Apr., 1958. 14 pp. 

Strain Gage Calibrations and Flight Loads Test- 
ing Techniques. N. A. Krause. (NATO AG- 
ARD 5th Structures & Materials Panel, Copenha- 
gen, Apr. 29-May 3, 1957.) NATO AGARD 
Rep. 113, Apr.-May, 1957. 47 pp. 


Laws & Regulations 


La Nacionalidad de las Aeronaves. F. L. 
Ferran. Rev. Aero., May, 1958, pp. 361-373. 21 
refs. In Spanish. Discussion of the national 
status of modern aircraft. 


Lighter-Than-Air 


The Strato-Lab Balloon System for High Alti- 
tude Research. M. D. Ross and M. L. Lewis. 
(Aero Med. Assoc. 28th Annual Meeting, Denver, 
May 8, 1957.) J. Av. Med., May, 1958, pp. 375- 
385. 15 refs. Brief description of balloon sys- 
ror — for experiments requiring altitudes above 

2, 


Machine Elements 


Bearings 


The Finite Journal Bearing, Considering Va- 
porization. Bengt Jakobsson and Leif Floberg. 
Chalmers Tek. Hégskolas Handlingar, No. 190, 
1957. 117 pp. 13 refs. 

The Infinite Journal Bearing, Considering Va- 
porization. Leif Floberg. Chalmers Tek. Hégs- 
kolas Handlingar, No. 189, 1957. 82 pp. 10 
refs. 

Concentrated Force Acting on a Spherical Sur- 
face. J. Golecki. Acad. Pol. Sci. Bul., Tech. 
Sci. Ser., No. 2, 1958, pp. 75-79. 12 refs. Pre- 
sentation of a method to determine the stress dis- 
tribution in spheres. A single concentrated force 
and two concentrated forces acting along a com- 
mon normal are considered. 


Gears & Cams 


Efficiency and Irreversibility of Simple Epicyclic 
Gear Trains. Bengt Carlsson and Hans Larsson. 


Chalmers Tek. Hégskolas Handlingar, No. 186 
1957. 48 pp. 

Helicopter Gearing Today and Tomorrow, 
AHS Newsletter, June, 1958, pp. 16, 18, 19, 29. 
Discussion on the importance of sound design, 
manufacturing techniques, and control of quality 
and production in helicopter gearing. 


Mechanisms & Linkages 


How to Apply Drag-Link Mechanisms in the 
Synthesis of Mechanisms. K. Hain. Mach, 
Des., June 26, 1958, pp. 104-113. 


Rotating Discs & Shafts 


The State of Stress in a Disc Rotating About an 
Eccentric Axis. F. Szelagowski. Acad. Pol. S¢. 
Bul., Tech. Sci. Ser., No. 2, 1958, pp. 63-73. 


Maintenance 


Station 421 Wing Alignment with the Nife 
Plane-Indicator. Douglas Serv., May-June, 1958, 
pp. 1-20. 

V Poiskakh Novoi Tekhnologii. N. Kameney, 
Grazhdanskaia Aviatsiia, May, 1958, pp. 22-25, 
In Russian. Discussion of methods for aircraft 
maintenance, replacement of damaged parts, and 
equipment. 


Management 


The Balanced Man. R.E. Gross. (JAS Natl, 
Summer Meeting, Los Angeles, July 8-11, 1958.) 
Aero/Space Engrg., Sept., 1958, pp. 34, 39. Dis. 
cussion of the relationship between the engineer 
and his chosen field and management. 


Materials 


‘“*Materials and Progress’? Symposium. Tech. 
Soc. Council Symposium, Syracuse, Mar. 21, 1958. 
29 pp. Summary of papers covering various ma- 
terials for gas-turbine, nuclear power-plant, and 
missile application; and including titanium, cer- 
mets, and plastic and ferrous materials. 


Ceramics & Ceramals 


Cermets as Potential Materials for High-Tem- 
perature Service. O. A. Sandven. (NATO 
AGARD 5th Structures & Materials Panel, Oslo, 
Apr. 24-27, 1957.) NATO AGARD Rep. 99, 


tion at this level. 


in at least one of those areas. 


Because of expanding activity we are broaden- 
ing our organization to include two additional 
Senior Engineers, and we are inviting inquiries 
from qualified men who wish to join our organiza- 


We are seeking design specialists with 12 to 20 
years of practical hardware experience. To 
qualify, you must be thoroughly familiar with all 
mechanical, aerodynamic, hydraulic, control, and 
installation areas involved in aircraft gas turbine 
design, with heavy specialized practical experience 
You will have been 
responsible for successfully putting engines through 
their 150 hour test and you will have had many 
years of experience in analyzing design problems 


If you qualify, call or write M. L. Umble 
Supervisor Professional Placement 
POplar 1-4100, Extension 3828, Bldg. 501 


The General Electric Jet Engine Dept. Announces 
the establishment of 2 new 
Senior Engineering Design Analysis Positions 


In keeping with General Electric’s policy of 
parallel opportunities for specialists and managers, 
salaries established for these new positions are 
equivalent to those of high management level. 


JET ENGINE DEPT. 


relating to engines in operation, and will have pro- 
vided valid engineering solutions. 


Briefly, you must be able to accept any hard- 
ware problem that turns up in the field and stay 
with it until you get the answer. 


The Engineers who fill these positions will be 
making important contributions to jet engine 
design and utilization. 
for both overall and detailed analysis of com- 
ponents and systems of the newest designs and 
developments to assure maximum utilization of 
special knowledge gained during factory, field, and 
service operations. 
Review Panel, you will incorporate results of your 
practical experience in our new designs. 
senior specialist in the field, you will represent the 
Jet Engine Department on major Government and 
Industry technical panels. 


GENERAL ELECTRIC 


You will be responsible 


As a member of the Senior 


And, asa 


CINCINNATI 15, OHIO 
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Apr., 1957. 24 pp.. Review of the chemical, 
physical, and mechanical properties of some hard- 
metal and cermet systems; special attention is 
given to creep resistance and ductility. 


Corrosion & Protective Coatings 

Electrochemical Behavior of Nickel. Giovanni 
Serravalle. Milan Politec.C. A. TN 11 (EOARDC 
TN 58-237) [AD 154139], Dec., 1957. 26. pp. 
Study of the passivation phenomena and passivity 
conditions of nickel in aqueous solutions for vari- 
ous nickel salts at different pH, temperature, and 
current density. 


The Effect of Cadmium Plating on SAE 4340 
Steel in the Presence of Stress Concentrations at 
Elevated Temperatures. E. M. Kennedy, Jr. 
USAF WADC TR 58-108, Pt. I [AD 151075], 
Mar., 1958. 34 pp. 


High Temperature 


Selected Properties of Structural Materials at 
Elevated Temperatures. D. A. Shinn. (NATO 
AGARD 5th Structures & Materials Panel, Oslo, 
Apr. 24-27, 1957.) NATO AGARD Rep. 104, 
Apr., 1957. 40 pp. 17 refs. 


Metals & Alloys 


Merit Indices for Structural Materials. H. B. 
Howard. (NATO AGARD 5th Structures & Ma- 
terials Panel, Oslo, Apr. 24-27, 1957.) NATO 
AGARD Rep. 105, Apr., 1957. 24 pp. Deriva- 
tion of merit indices to give weight efficiency for a 
number of simple structural properties. These 
include direct strength and stiffness, the buckling 
of Euler and plate struts, the wrinkling of thin- 
walled tubes, thermal stress, and deformation. 


Some Observations on the Fatigue Behaviour 
of Aluminium 7 per cent Magnesium in Various 
Conditions of Heat Treatment. C. A. Stubbing- 
ton. Gt. Brit. RAE TN Met. 279, Nov., 1957. 
93 pp. Study showing that the grain size of the 
material is varied by heat treatment and the effect 
of time at aging temperature. 


A Study of Fatigue Crack Formation in Silver 
Chloride. P. J. E. Forsyth. Gt. Brit., RAE TN 
Met. 276, Nov., 1957. 19 pp. 


Powder Metallurgy Abroad. H. H. Hausner. 
Ordnance, May-June, 1958, pp. 1,080, 1,081. 


The Effect of Temperature on the Magnetic 
Properties of Nickel-Iron Alloys. J. J. Clark and 
J. F. Fritz. USAF WADC TN 57-434 [AD 
142267), Dec., 1957. 33 pp. 


Some Creep and Tensile Properties of a Cor- 
rosion Resisting Steel to British Standards Speci- 
fication S. 80, at 22°C, 250°C, 400°C and 550°C. 
R. A. Whittaker. Gi. Brit., RAE TN Met. 280, 
Dec., 1957. 17 pp. 


Use-High-Strength Steel to Lighten Supersonic 
Aircraft. Bruce Mitchell. Ind. Labs., Mar., 
1958, pp. 61-66. 


A Survey of the Structural Properties of Some 
High Strength Sheet Steels. M. A. Melcon. 
(NATO AGARD Sth Structures & Materials 
Panel, Oslo, Apr. 24-27, 1957.) NATO AGARD 
Rep. 101, Apr., 1957. 25 pp. 11 refs. 


Metals & Alloys, Nonferrous 


An Investigation of Ag-Au-Zn Alloys with 50 
AT. % Zn. Liu Yi-Huan and Hsu Chen-Chia. 
~~, Sinica, Dec., 1957, pp. 1013-1030. 12 
refs. 


A Study of the Factors Influencing the Proper- 
ties of Heat Treatable Titanium Sheet Alloys. 
Appendix I—Surface Preparation of Specimens. 
Appendix II—Photo-Gridding. R. S. Richards 
and H. D. Kessler. USAF WADC TR 57-639 
[AD 151061], Mar., 1958. 254 pp. 


Travaux Francais Relatifs 4 la Réalisation et 
l’Etude de Ferrures de Grandes Dimensions en 
de Titane. El Gammal. (NATO 
AGARD 5th Structures & Materials Panel, Oslo, 
Apr. 20-27, 1957.) NATO AGARD Rep. 97, 
Apr.,1957. 45 pp. In French. Production and 
design studies on “‘piano’’ wing fittings of the SO 
4050 Vautour II. The following properties on 
various fittings are determined: usual tensile 
properties, variation of these properties at low tem- 
perature, fatigue strength, the effect of stress-re- 
lieving heat treatment, and the strength of 
notched test pieces under constant load. 


Nonmetallic Materials 


An Experimental Study of the Relation Between 
the Speed of Highly Elastic Rupture and the 
Strain Rate. V. E. Gul’ and G. P. Krutetskaia. 
Sov. Phys.-Dokl., May-June, 1957, pp. 258-260. 
Translation. 


_On the Calculation of the Photoelastic Coeffi- 

cient of Polymers. Iu. Ia. Gotlib. Sov. Phys.- 

+ May-June, 1957, pp. 210-213. Transla- 
n. 


A Note on the Adhesion of Elastic Solids. K. 
L. Johnson. Brit. J. Appl. Phys., May, 1958, pp. 
199, 200. Analysis of the stresses acting at the 
contact surface of two elastic spheres which are 
assumed to adhere to each other after the force 
Pressing them together has been removed. 


Shear Strength, Creep and Stress-Relaxation of 
Metal Adhesive Joints at Elevated Temperatures. 
A. Baker. Gt. Brit., RAE TN Chem. 1300, Mar., 
1957. 19 pp. Presentation of data for the shear 
strength of Redux and Araldite at 100° and 150° 
C., and for stress relaxation at 100° and 120°C. 
The effect of aging or overcuring is discussed. 


Mechanical Anisotropy of Inflatable Wing 
Fabrics Under Biaxial Stress. A. Baker and E. 
Mikolajewski. Git. Brit., RAE TN Chem. 1314, 
Aug., 1957. 17 pp. 


The Effect of Weathering on the Mechanical 
Properties of ‘‘Durestos.”” D. J. McCue. Gi. 
Brit., RAE TN Chem. 1324, Dec., 1957. 12 pp. 

Effects of Molding Pressure on Properties of 
Glass-Fiber Reinforced Plastics. S. D. Toner, 
Irvin Wolock, and F. W. Reinhart. SPE J., 
June, 1958, pp. 40-45. Description of the mold- 
ing equipment and test procedures. The effects 
of type of mold, molding pressure, specimen direc- 
tion, and set-to-set and panel-to-panel variability 
are analyzed. 

Structural Plastics for Airframe Construction. 
N. J. L. Megson. (NATO AGARD 6th Struc- 
tures & Materials Panel, Paris, Nov. 4-8, 1957.) 
NATO AGARD Rep. 162, Nov., 1957. 16 pp. 
15 refs. Discussion of the development and the 
methods of fabrication for reinforced plastics 
which can be molded at low pressures. 


Selection and Application of Epoxy Foams. 
a. Scott. Mach. Des., June 12, 1958, pp. 127- 
Plastics in the Space Age. J. H. Lux. Frank- 
lin Inst. J., July, 1958, pp. 21-26. Discussion of 
future demands of space technology and how plas- 
tics will help solve these problems. 
High-Temperature Epoxy Resins for Reinforced 
Plastics. J. M. Thomas. SPE J., May, 1958, 
pp. 39, 40. 
Insulative and Conductive Coatings. Elbert 
Davis. SPE J., May, 1958, pp. 19-23. Survey 
giving typical properties of resins currently being 
used for coatings, together with some possible 
uses. 
Outlook for 600degF. Silicone Rubbers. J.F. 
Dellaria. Av. Age, June, 1958, pp. 60-64. 
Inorganic Transparencies for Aircraft Enclo- 
sures. . H. Hahner and M. J. Kerper. (NATO 
AGARD 6th Structures & Materials Panel, Paris, 
Nov. 4-8, 1957.) NATO AGARD Rep. 161, 
Nov., 1957. 23 pp. 24 refs. Review of avail- 
able data and description of present studies for 
obtaining transparent materials most suitable for 
aircraft application. 


Testing Methods 


The Development of Hot Fluidised Beds for a 
Laboratory Thermal Shock Test. Appendix I, 
II—Method of Determining the Critical Mass 
Flow for Fluidisation. Appendix III—-Methods 
of Calculation of the Heat Transfer Coefficient. 
S. W. K. Shaw. Gt. Brit., NGTE Memo. M.302, 
Feb., 1958. 33pp. 17refs. Investigation of five 
methods to heat fluidized beds, the most success- 
ful involving a special electric resistance heating 
element immersed in the bed. 

Bestamning av Porslins Draghallfasthet. Kjell 
Bjérklund. Chalmers Tek. Hégskolas Handlingar, 
No. 193, 1958. 78 pp. 39 refs. In Swedish. 
Description of methods used to test the strength 
of ceramic materials. 


Mathematics 


Approximation of All Orders of the Exponential 
Integral. Francis Clark. USAF WADC TR 
57-771 [AD 151084], Mar., 1958. 10 pp. 


Sur l’Equation Intégrale Singuliére non Liné- 
aire et sur les Propriétés d’une Intégrale Singu- 
liére pour les Arcs non Fermés. W. Pogorzelski. 
- ath. & Mech., July, 1958, pp. 515-532. 10 
refs. In French. Study of a singular, nonlinear, 
integral equation and of the properties of a singu- 
lar integral for nonclosed arcs. 

On a Non-Linear Integral Equation. Koma- 
rath Padmavally. J. Math. & Mech., July, 1958, 
pp. 532-555. USAF-supported analysis of an 
equation arising in connection with the problem 
which determines the temperature of a semi-in- 
finite rod whose end is heated by a source of known 
variable temperature. 


Numerische Untersuchungen zu den von J. 
Dérr angegebenen Integralgleichung Erwin 
Héhn. ZAMM, May-June, 1958, pp. 175-179. 
In German. Numerical analysis and application 
to two illustrative examples of eigenvalues de- 
rived from Dé6rr’s integral equations. 


Fractional Integrals on n-Dimensional Euclid- 
ean Space. E. M. Stein and Guido Weiss. J. 
Math. & Mech., July, 1958, pp. 503-514. AFOSR- 
supported study. 

On the Realization of Complexes in Euclidean 
Spaces. I. Wu Wen-Tsiin. Scientia Sinica, 
Mar., 1958, pp. 251-297. 10 refs. 


Asymptotic Expansions and Converging Fac- 
tors. I—General Theory and Basic Converging 
Factors. II—Error, Dawson, Fresnel, Exponen- 
tial, Sine and Cosine, and Similar Integrals. III— 
Gamma, Psi and Polygamma Functions, and 
Fermi-Dirac and Bose-Einstein Integrals. R. B. 
Dingle. Royal Soc. (London) Proc., Ser. A, Apr. 
22, 1958, pp. 456-490. 59 refs. 
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Berechnung der zu einer vorgegebenen Dif- 
ferenzenfunktion beliebig hoher Ordnung nach 
der Methode der kleinsten Quadrate gehirigen 
Stammfunktion. V. E. Hahn. ZAMM, Mar.- 
Apr., 1958, pp. 120-130. In German. Deriva- 
tion of a recurrence formula for the calculation of 
variable f, values in a specific manner. 


Uber das dritte Randwertproblem der Poten- 
tialtheorie fiir den beiderseits unendlich langen 
Kreiszylinder. Hans Schubert. ZAMM, May- 
June, 1958, pp. 194-199. In German. Analysis 
of the third boundary value problem of the poten- 
tial theory for infinitely long circular cylinders. 


Differenzenverfahren fiir die 2. und 3. Rand- 
wertaufgabe mit krummlinigen Rindern bei 
Au(x, y) = r(x, y, u). W. Uhlmann. ZAMM, 
May-June, 1958, pp. 236-251. In German. 
Derivation of finite equations applied to second 
and third boundary value problems for curvilinear 
boundaries. 


Gebrochen-iterierte Exponentialfunktion im 
Reellen. Waldemar Schébe. ZA , May- 
June, 1958, pp. 190-194. In German. Repre- 
sentation of fractional iterated exponential func- 
tions in real numbers. 


Wiederholungsfreie Folgen. Theodor Zech. 
ZAMM, May-June, 1958, pp. 206-209. In Ger- 
man. Analysis of iteration free series and presen- 
tation of illustrative examples. 


Sur les Facteurs de Convergence Uniforme des 
Séries de Fourier. J. Karamata. Istanbul U., 
Fen Fakiilt. Mecmuasi, Ser. A, Apr., 1957, pp. 
35-43. In French. Extension of previously de- 
veloped theories covering the uniform conver- 
gence factors of Fourier series. 


Beschleunigung der Konvergenz einer gewissen 
Klasse von Kettenbriichen. Heinz Rutishauser. 
ZAMM, May-June, 1958, pp. 187-190. In 
German. Application of Bauer and Muir trans- 
formation to the problem of convergence accelera- 
tion of a certain class of continued fractions. 


Sur les Propriétés Relatives a la Distribution 
des Valeurs qui Correspondent aux Solutions des 
Equations Différentielles Linéaires 4 Coefficients 
Elliptiques. M. N. Oguztéreli. Istanbul U., 
Fen Fakiilt. Mecmuasi, Ser. A, Apr., 1957, pp. 
91-96. In French. Discussion of properties 
pertaining to the distribution of values corre- 
sponding to the solution of linear differential 
equations with elliptic coefficients. 


Mathieusche Funktionen als Eigenfunktionen 
gewisser Integralgleichungen. Johannes Darr. 
ZAMM, May-June, 1958, pp. 171-175. In Ger- 
man. Evaluation of Mathieu functions as func- 
tions of certain integral equations. 


On a Theorem for Estimating Eigenvalues. 
Hiroshi Fujita and Tosio Kato. Phys. Soc. Japan 
J., Feb., 1958, pp. 215-219. 


Praktische Lésung von Eigenwertaufgaben des 
Hartree-Fockschen Typs. H.-K. Dettmar and 
A. Schliiter. ZAMM, May-June, 1958, pp. 220—- 
236. 30 refs. In German. Description of a 
numerical method for the approximate solution 
of the Schrédinger equation pertaining to the prob- 
lem of multiple bodies of quantum mechanics as 
applied to the electron shell of the atom. 


Eine Methode zur Eingrenzung samtlicher 
Eigenwerte einer hermiteschen Matri x mit iiber- 
wiegender Hauptdiagonale. W. Bérsch-Supan 
and H. Bottenbruch. ZAMM, May-June, 1958, 
pp. 169-171. In German. Development of a 
method for the location of eigenvalues in a her- 
mitian matrix with preponderant main diagonal. 

A Note on the Numerical Integration of a Class 
of Non-Linear Hyperbolic Equations. R. Bell- 
man, I. Cherry, and G. M. Wing. Quart. Appl. 
Math., July, 1958, pp. 181-188. 

I—Discontinuous Initial Value Problems for 
Symmetric Hyperbolic Linear Differential Equa- 
tions. II—Asymptotic Expansion of Steady- 
State Solutions of Symmetric Hyperbolic Linear 
Differential Equations. R.M. Lewis. J. Math. 
& Mech., July, 1958, pp. 571-628. 

The Computation of Probabilities in Selection 
Problems. K N. Dodd. Gt. Brit., RAE TN 
M.S. 46, Apr., 1958. 4 pp. 


Mechanics 


Recent Advances in Rational Mechanics. C. 
Truesdell. Science, Apr. 4, 1958, pp. 729-739. 
64 refs. Discussion of the principles and mathe- 
matics involved in fluid motion, small and large 
elastic deformations, and statistical mechanics. 

Tensor Analysis of Finite Rotations. III— 
Applications to Aircraft Manoeuvres, Variable 
Sweep Wings, Retractable Undercarriages. E. H. 
Bateman. Aircraft Eng., July, 1958, pp. 199-201. 

On the Motion of a Simple Pendulum. Boris 
Garfinkel. Quart. Appl. Math., July, 1958, pp. 
192-196. Study on the vanishing of the tension 
in a simple pendulum supported by a flexible cord 
causing the particle to pass from the circular to a 
parabolic trajectory. The number and the nature 
of such transitions are related to the value of the 
initial energy. 


Meteorology 
Gli Studi Meteorologici in Italia nel Triennio 


1954-1956. Raoul Bilancini. Riv. Meteorologia 
Aero., Apr.-June, 1958, pp. 50-62. 174 refs. 
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In Italian. Bibliographical survey of meteoro- 
logical work published in Italy between 1954 
and 1956. 

Un Procédé Original de Dissipation des Brouil- 
lards Au-dessus des Pistes d’Aérodromes. 
Franco Gonzaga. L’Air, May, 1958, pp. 22-25 
In French. Description of an acoustic method for 
fog dissipation over the runways. 

Atmospheric Turbulence Environment with 
Special Reserence to Continuous Turbulence. 
Appendix—Fundamental Concepts of Random 
Process Theory. Harry Press. (NATO AG- 
ARD 5th Structures & Materials Panel, Copenha- 
gen, Apr. 29-May 3, 1957.) NATO AGARD 
Rep. 115, Apr.-May, 1957. 39 pp. 31 refs. 
Discussion of flight-test techniques for measuring 
continuous atmospheric turbulence and review of 
available measurements of the power spectrum of 
atmospheric turbulence. 

Beitrage zum Problem der Turbulenz der 
Strahlstr6me. II. Walter Georgii. DFS Inst. 
Flugforschung, Bericht No. 3, Sept., 1957. 71 pp. 
In German. Study of the problem covering the 
turbulence of jet streams, including description of 
glider flight tests. 

The Layer of Maximum Wind. E. R. Reiter. 
J. Meteorology, Feb., 1958, pp. 27-43. 22 refs. 
Navy-sponsored study of the three-dimensional 
wind field in the vicinity of the jet stream which is 
defined with the aid of four parameters: mean 


wind speed and direction, thickness, and mean 
altitude of the Layer of Maximum Wind. 

A High-Altitude Radiosonde Hypsometer. 
W. C. Conover and W. G. Stroud. J. Meteorol- 
ogy, Feb., 1958, pp. 63-68. 

On the Origin of Radar Echoes Associated with 
Auroral Activity. Johan Meos and Sven Olving. 
Chalmers Tek. Hégskolas Handlingar, No. 196, 
1958. 20 pp. 21 refs. 

A Note on Design Considerations for a Pro- 
posed Auroral Radar. Nelson Wax. Chalmers 
Tek. Hégskolas Handlingar, No. 182, 1957. 16 
pp. 19 refs. Discussion of four different models 
oT radio reflection and presentation of some design 
recommendations for the system. 

Ageostrophic Deviations and Wind Prognoses. 
Adam Kochanski. Meteorology, Feb., 1958, 
pp. 84-90. 10 refs. 

Graphical Prognosis Including Terrain Effects. 
G. J. Haltiner and T. S. Hesse. J. Meteorology, 
Feb., 1958, pp. 103-107. A method for the graphi- 
cal integration of the vorticity equation is pre- 
sented, including the effects of terrain-induced ver- 
tical velocities. 


Atmospheric Structure & Physics 


The Stability of a Shear Layer in an Unbounded 
Heterogeneous Inviscid Fluid. P. G. Drazin. 
J. Fluid Mech., June, 1958, pp. 214-224. 10 refs. 
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to do “aircraft quality” precision work. In most fuel injectors, 
\ the tiniest dimensional variation or hairline scratch will 
\\ affect the capacity and quality of the spray. Thus, surface 
\ finishes and dimensional tolerances in the most minute 

\ part of each nozzle are held to standards seldom required for 
small, intricate parts. Holding these tolerances is a 


Delavan specialty. 


3. Delavan Quality Control — Since the entire 
purpose of a fuel injector is to deliver a “controlled spray,” 
there can be no guesswork as to volume, angle or 


quality of spray produced. Highly trained 


personnel, using specialized test equipment, 


assure near-perfect uniformity among 
production-run parts. 
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Analysis considering the stabilizing effect of den- 
sity stratification on the horizontal shear layer 
between two parallel streams of uniform veloc. 
ities. 

Concerning the Mechanics of Hurricanes, 
R. L. Pfeffer. J. Meteorology, Feb., 1958, pp. 
113-120. 15 refs. Analysis of the balance of 
angular momentum in a mature hurricane. 

Turbulence Around Tropical Cumuli. Bernice 
Ackerman. J. Meteorology, Feb., 1958, pp. 69-74, 
USAF-sponsored application of rapid fluctuations 
in air speed experienced by an airplane, used to 
define the areal distribution of turbulence associ- 
ated with a cumulus cloud. 


The Observed Mean Monthly Wind Fields in 
the Lower Stratosphere and Upper Troposphere 
Over North America. Wan-cheng Chiu. } 
Meteorology, Feb., 1958, pp. 9-16. 11 refs. 
Army-Navy-supported study. 


Upper Air Research 


_ The Role of Manned Balloons in the Explora- 
tion of Space. M. D. Ross and M. L. Lewis, 
(IAS 26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 834.) Aero/Space Enegrg., Aug., 
1958, pp. 45-52, 56. 31 refs. 

IIl—Annotated Bibliography on Radioactivity in 
the Atmosphere. Geza_ Thuronyi. Meteor, 
aa & Bibliog., Mar., 1958, pp. 324-366. 226 
refs. 

II—Recent Literature on Solar Astrophysics, 
M. L. Rice. Meteor. Abs. & Bibliog., Feb., 1958, 
pp. 192-222. 180 refs. 


Military Aviation, Ordnance 


Die Abwehr ballistischer Raketengeschosse, 
Flugwehr & -Technik, May, 1958, 
In German. Survey of the development of in- 
tercontinental ballistic missiles as defense weap- 
ons, based on data published in USA. 

De Toekomst der Militaire Luchtvaart en de 
Geleide Projectielen. A. J. de Vries. Apia 
Viiegwereld, June 5, 1958, pp. 313-317. In 

Jutch. Discussion of the future of military avia- 
tion and guided weapons. 


Missiles, Rockets 


Air Force Missiles. J. W. Sessums. Ord- 
nance, May-June, 1958, pp. 966-970. 

Missile Development in a Hurry; Navy's 
Polaris IRBM. Victor DeBiasi. Av. Age, June, 
1958, pp. 20, 21, 78-89 (ff.) Discussion on the 
problems of the Polaris weapon system and the 
methods of solution. 

The Anatomy of the Winged Missile. William 
Ballhaus. Western Space Age Conf., Los Angeles, 
Mar. 21, 1958, Paper. 18 pp. Description of 
the missile structure, the onboard systems, and 
the supporting equipment necessary to its opera- 
tional use. 

Chemische Raketen. Gerhard Siegmund, 
Flug-Revue, June, 1958, pp. 13-16. In German. 
Discussion of the properties of chemical rockets 
covering their development and operation, as well 
as various propellants and combustion processes. 

Einige Ergebnisse der franzésischen Raketen- 
technik. H. Schneider. Luftfahrttechnik, May 
15, 1958, pp. 148-155. In German. Survey of 
the development achieved by SEPR in rocket re- 
search and discussion of some related problems. 
Included are solid and liquid propellant types. 

Test Vehicle Development; Variants of the 
Short GPV Rocket Missile. Shorts Quart. Rev., 
Mar., 1958, pp. 5-8. 

Die Héhenforschungsrakete Veronique. L. 
T. Kayser. Raketentech. & Raumfahrtforsch., 
July-Sept., 1958, pp. 99-101. In German. De- 
scription and evaluation of the French sounding 
rocket Veronique. 

Entering the Atmosphere. Terence Nonweiler. 
Spaceflight, Apr., 1958, pp. 238-240. Discussion 
we the effects of the atmosphere on a falling 

y. 

Minimality for Arbitrarily Inclined Rocket 
Trajectories. Angelo Miele. Jet Propulsion, 
July, 1958, pp. 481-483. AFOSR-supported anal- 
ysis presenting a generalization in connection 
with arbitrarily inclined rectilinear paths. It is 
stressed that the minimal properties of functional 
forms of the linear tvpe can be usefully in- 
vestigated by Green’s theorem. 

Incremental Step Vehicles Approach Ideal 
Rocket Performance. H.R. Wahlin. Av. Age, 
June, 1958, pp. 166-172. Discussion of a pro- 
posal for ridding a rocket of structure no longer 
needed (because the engine it supports has burned 
out) in a continuous succession of small incre- 
ments rather than in several large stages. 

Guided Weapons and Space Flight. Eric 
Burgess. Aeronautics, Apr., 1958, pp. 43-45. 
Discussion of the development of guided missiles. 
Some problems of controlled space flight are an- 
alyzed. 

Vanguard Control Demonstrates Minimum 
Hardware Approach. I. R.H. Cushman. Axo. 
Control, June, 1958, pp. 26-33. Description of 
the Vanguard control system and illustration of 
the various rocket stages. 


(Continued on page 100) 
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Volume 3, Number 10 
ACOUSTICS, SOUND, NOISE 


TURBOJET ENGINE NOISE REDUCTION WITH 
MIXING NOZZLE-EJECTOR COMBINATIONS. W. 
D. Coles, J. A. Mihaloew, and E. E. Callaghan. 
US, NACA TN 4317, Aug., 1958. 33 pp. 17 refs. 
Investigation of several noise suppressors con- 
sisting of combinations of mixing nozzles and in- 
jectors using two full-scale turbojet engines. The 
effects of ejector dimensions on noise suppression 
and engine performance are investigated. The 
ejector can restore the static thrust loss caused 
by the use of mixing nozzles or can provide static- 
thrust augmentation. The noise reduction obtained 
from an ejector is a function of the secondary air- 
flow rate and results from the diffusion of the jet 
to lower velocity. Velocity profiles at the ejector 
exit are compared with previous results obtained 
on conical nozzles and with calculated free-jet 
boundaries resulting from normal spreading at 
equivalent downstream distances. 


MESSUNG UND BEURTEILUNG DES STRAHL- 
LARMS IN DER UMGEBUNG EINES BRENNKAM- 
MERPRUFSTANDES. O. Lutz, W. Alvermann, 

W. Dietze, and H. Dahlen. DFL Inst. Strahltrieb- 
werke Bericht No. 85, May, 1958. 32 pp. In Ger- 
man. Measurement of jet noise in the vicinity of 

a combustion-chamber test rig. The location of 

the maximum noise intensity was found to be along 
a cone 45° from the jet axis. Results indicate 

that a fixed insulation combined with the test stand 
cannot be used due to the presence of some reaction 
effects. 


AERODYNAMICS, FLUID MECHANICS 


SEMINAIRE D'AEROTHERMIQUE DE LA FA- 
CULTE DES SCIENCES DE PARIS. I - CONVEC- 
TION TURBULENTE DANS UN CONDUIT DANS 
LE CAS D'UN FLUIDE DE NOMBRE DE PRANDTL 
ELEVE. G. Ribaud. Il - QUELQUES RESULTATS 
D'EXPERIENCES SUR LA TURBULENCE - COR- 
RELATIONS SPATIOTEMPORELLES. A. Favre. 
Il - QUELQUES RECHERCHES AERODYNAMI- 


(145) 


October, 1958 


QUES DU "ROYAL AIRCRAFT ESTABLISHMENT" 
SUR LES PROBLEMES CONCERNANT L'ECHAUF- 
FEMENT AERODYNAMIQUE,. R. J. Monaghan, 
J. F. W. Crane, and J. Picken. IV - EMPLOI 
DE LA STRIOSCOPIE INTERFERENTIELLE DANS 
L'ETUDE DES ECOULEMENTS AERODYNAMI- 
QUES. Y. Latron. V - FONCTIONNEMENT D'UN 
BIPRISME DE WOLLASTON POUR L'INTERFE- 
ROMETRIE DIFFERENTIELLE EN LUMIERE PO- 
LARISEE, G. Gontier. VI - COUCHES LIMITES 
EN ECOULEMENT SUPERSONIQUE RALENTI - 


~ INTERACTION COUCHE LIMITE-ONDE DE CHOC, 


R. Michel. VIL - REMARQUE SUR CERTAINS E- 
COULEMENTS FAIBLEMENT SUPERSONIQUES. 
G. Gontier and A. Martinot-Lagarde. VII - UNE 
NOUVELLE METHODE DE MESURE DES COEF- 
FICIENTS LOCAUX DE CONVECTION. H. Cor- 
dier. IX - LA CONVECTION FORCEE DE LA 
CHALEUR POUR DES FILS AUX TRES PETITS 
NOMBRES DE REYNOLDS. J. Gosse. X - UNE 
NOUVELLE METHODE DE MESURE DES TEMPE- 
RATURES UTILISANT LA THERMOSENSIBILITE 
DES FLUORESCENCES. P. Thureau. XI - COM- 
PORTEMENT DES PRISES DE PRESSION D'ARRET 
EN COUCHE LIMITE TURBULENTE COMPRES- 
SIBLE. M. Plan. XII - UTILISATION DES CAL- 
CULATRICES AUTOMATIQUES DANS LES CAL- 
CULS D'ADAPTATION D'ECHANGEURS THERMI- 
QUES. R. Doussain. France, Min. de l'Air NT 
73, 1958. 192 pp. 7l refs. SDIT, 2 Av. Porte- 
d'Issy, Paris 15, Frs. 2.730. In French. Compi- 
lation of twelve papers covering: development of 
velocity curves to calculate the turbulent convec- 
tion in a duct for the case of a fluid with high 
Prandtl Number; results of turbulence measure- 
ments downstream of a grid and in the boundary 
layer over a flat plate, including space-time cor- 
relations and turbulence spectra; survey of RAE 
investigations covering problems of aerodynamic 
heating; basic principles of a method for flow visu- 
alization (interferential streak method), practical 
application, and experimental wind-tunnel results; 
working principle of a polarized light interferome- 
ter with Wollaston's biprism; survey of boundary- 
layer/shock-wave interaction phenomena in super- 
sonic flow; application of shadowgraph technique to 
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the study of transonic flow over a half-profile; de- 
velopment of a new method for measuring local 
convection coefficients; results of investigations on 
forced heat convection using wires with very small 
Reynolds Numbers; development of a new method 
for temperature measurements using fluorescence 
thermosensitivity; evaluation of the design of stag- 
nation pressure gages for compressible turbulent 
boundary layer studies; and application of electron- 
ic computers to the calculation of heat exchanger 
application. 


Aerothermodynamics 


EXACT SOLUTION OF LAMINAR HEAT TRANS- 
FER IN WEDGE-SHAPED PASSAGES WITH VARI- 
OUS BOUNDARY CONDITIONS. J. T. Yen. 

USAF WADC TR 57-224 [AD 118190], July, 1957. 

42 pp. Analysis in which the various boundary con- 
ditions are taken respectively as constant periph- 
eral wall heat flux, constant peripheral wall tem- 
perature, and arbitrary peripheral wall heat flux 
or temperature. All cases have the same axial 
boundary condition of constant heat flux. Results 
are presented for calculations of the distributions 
of the wall and fluid temperatures as well as of 
local and average heat transfer coefficients. Com- 
parison is made with the corresponding parame- 
ters in a circular sector duct with peripherally 
constant wall temperature. A similarity analysis 
to find the parameters for heat transfer inside 
both the fluid and duct walls is included. 


Boundary Layer 


AN APPROXIMATION TO THE BOUNDARY 
LAYER FLOW ALONG AN EDGE. L. Sowerby. 
Quart. J. Mech. & Appl. Math., Aug., 1958, pp. 
290-301. Analysis of the steady flow of viscous 
incompressible fluid past an infinite flat quarter 
plate, the main stream flow being parallel to one 
edge of the plate. Boundary layer equations are 
derived in a system of parabolic coordinates, and 
expansions in series provide a set of ordinary dif- 
ferential equations to determine the flow near this 
edge of the plate. An iterative procedure to solve 
these equations is described; the approximations 
thus obtained indicate a decrease from the normal 
flat-plate value in the thickness of the boundary 
layer at the edge, and there is a singularity in the 
density of the skin friction at the edge. 


ON DISPLACEMENT THICKNESS. M. J. 
Lighthill. J. Fluid Mech., Aug., 1958, pp. 383- 
392. Presentation of four alternative theoretical 
treatments of displacement thickness, and analysis 
of the influence of boundary layers and wakes on 
the flow outside them, first for two-dimensional 
and then for three-dimensional laminar or turbu- 
lent incompressible flow. These theoretical treat- 
ments are called the methods of flow reduction, 
equivalent sources, velocity comparison, andmean 
vorticity. 


ETUDE EXPERIMENTALE DE LA COUCHE 
LIMITE TURBULENTE ET DE SON INTERACTION 
AVEC L'ONDE DE CHOC SUR UN DEMI-PROFIL 
EN ECOULEMENT TRANSSONIQUE. R. Michel. 
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France, ONERA NT 47, 1958. 


22 pp. In French, 


Experimental investigation of the turbulent bound- 
ary layer over a circular profile in transonic flow 
for various positions of the shock wave. A marked 
increase in boundary-layer thickness is observed 
across and downstream of the shock wave. The 
displacement thickness at the leading edge in- 
creases up to 40% of the maximum profile half- 
thickness. The calculation of the momentum thick 
ness is in good agreement with experiment across 
and downstream of the shock, but a discrepancy 
affecting the classic equations is found for the trai} 
ing edge. Includes description of the installation 
and experimental methods used. 


EFFECTS OF FIXING TRANSITION ON THE 
TRANSONIC AERODYNAMIC CHARACTERISTICS 
OF A WING-BODY CONFIGURATION AT REYN- 
OLDS NUMBERS FROM 2.4 TO 12 MILLION. L. W. 
Hunton. US, NACA TN 4279, July, 1958. 56 pp. 
Description of an investigation with a wing-body 
configuration having a plane tapered wing of aspect 
ratio 3 and 3%-thick biconvex section tested at 
Mach Numbers from 0.7 to 1.3 to determine the 
effects of fixing boundary-layer transition with 
wires. The analysis is based on lift, drag, and 
pitching-moment results obtained in the Ames 1I ft, 
transonic wind tunnel. Results indicate that with 
free transition of the boundary layer on the model, 
large effects of Reynolds Number occur on the aer- 
odynamic characteristics near zero lift. These 
effects disappear at test Reynolds Numbers of ap- 
proximately 8 million and above. Fixing of tran- 
sition on the model practically eliminates these 
effects over the entire Reynolds Number range in- 
vestigated. Furthermore, the fixed transition 
data match closely the results obtained with free 
transition at a Reynolds Number of 12 million. The 
wires used to trip the boundary layer cause an in- 
crement in drag coefficient of about 0.0008 at a 
Reynolds Number of 12 million which remains ap- 
proximately constant throughout the Mach Number 
range. 


A SOLUTION OF THE NAVIER-STOKES EQUA- 
TIONS ILLUSTRATING THE RESPONSE OF A 
LAMINAR BOUNDARY LAYER TO A GIVEN 
CHANGE IN THE EXTERNAL STREAM VELOCITY. 
J. Watson. Quart. J. Mech, & Appl. Math., Aug,, 
1958, pp. 302-325. Derivation of exact solutions 
of the Navier-Stokes equations by a Laplace trans- 
form technique for two-dimensional, incompressi- 
ble flow past an infinite plane porous wall. The 
flow is assumed to be independent of the distance 
parallel to the wall and the velocity component nor- 
mal to wall constant. A general formula for the 
velocity distribution is derived as a function of the 
given free-stream velocity; general formulas for 
the skin friction and displacement thickness are 
obtained. Several particular cases of flow are 
considered and the respective results given. 


AN EXAMPLE OF UNSTEADY LAMINAR 
BOUNDARY LAYER FLOW. Appendix - NUMER- 
ICAL INTEGRATION OF DIFFERENTIAL EQUA- 
TIONS. Itiro Tani. Tokyo U., Aero. Res. Inst. 
Rep. 331, June, 1958. 42 pp. Analysis of the flow 
in a two-dimensional incompressible laminar bound- 
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ary layer with a time-dependent pressure gradient. 
The pressure gradient is considered to vary with 
time in a specified manner so that the three inde- 
pendent variables - time and space coordinates - 


are grouped together into two. A solution is ob- 
tained in the form of a power series, six of whose 
coefficients are obtained by integrating the differ- 
ential equations. However, the series converges 
so slowly that the coefficients obtained are not suf- 
ficient, and an approximate method of continuation 
is required to carry out the solution to a point of 
separation. The solution of the problem may be 
interpreted to provide some information on the un- 
steady flow associated with a diffusor or an airfoil 
in which the angle of divergence or angle of attack 
vary with time. 


AN UNSTEADY TURBULENT BOUNDARY 
LAYER, S. K. F. Karlsson. Johns Hopkins U., 
Dept. Aero. Rep. , May, 1958. 79 pp. Investi- 
gation of the turbulent boundary layer developing 
on a flat plate with a parallel flow whose velocity 
fluctuates sinusoidally in magnitude about a con- 
stant mean. Hot-wire measuring techniques are 
used to study the response of the layer at Reynolds 
Number of 3.6 x 10? for fluctuation amplitudes up 
to t 34% of the free stream velocity. Measure- 
ments are made of mean velocity, amplitudes of 
in and out of phase components of the first harmon- 
ic of the periodic fluctuations, and the intensity of 
higher harmonics and turbulence. It is found that 
nonlinear effects, even at the largest fluctuation 
amplitudes, were so small that they were obscured 
by experimental errors. 


AN EXPERIMENTAL STUDY OF THE TURBU- 
LENT BOUNDARY LAYER BEHIND THE INITIAL 
SHOCK WAVE IN A SHOCK TUBE. W. A. Martin. 
J. Aero/Space Sci., Oct., 1958, pp. 644-652. 24 
refs. Experimental study of the shock tube bound- 
ary layer between the initial shock wave and the 
contact region for shock pressure ratios P2] of 
2.75 and 8.0 with a corresponding Reynolds Num- 
ber range of 0-50 x 166 and 0-100 x 106, respective- 
ly. The study was carried out in the UTIA 2x7 
in. shock tube using a 9 in. field Mach-Zehnder 
interferometer to obtain boundary-layer density 
profiles. Shadowgraph, schlieren,and interfero- 
gram photographs and thin-film thermometer 
measurements indicate that the region was almost 
completely occupied by turbulent boundary layer. 
Experimental density profiles and boundary-layer 
thickness measurements are presented together 
with calculated temperature and velocity profiles, 
displacement and momentum thicknesses, and 
local skin friction. Experimental results obtained 
compare favorably with the theory of Mirels. The 
velocity profiles at higher Reynolds Number for 
P2) = 2.75 follow a 1/5 power law closer than the 
1/7 power law. For P2] = 8 all the experimental 
profiles are a 1/5 power. 


Flow of Fluids 


THREE-DIMENSIONAL STEADY, RADIAL 
FLOW OF VISCOUS, HEAT-CONDUCTING, COM- 
PRESSIBLE FLUID. Akira Sakurai. Quart. J. 
Mech. & Appl. Math., Aug., 1958, pp. 274-289. 
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Solution of the Navier-Stokes equations in the case 
of steady, three-dimensional, radial flow of source 
and sink types, taking into account the effects of 
compressibility, viscosity, and heat conduction. 
The problem of finding the deviation from the in- 
viscid solution due to the effects of viscosity and 
heat conduction is stressed. The fundamental e- 
quations are reduced to a single second-order dif- 
ferential equation of the singular perturbation type, 
which is similar to the corresponding equation ob- 
tained in the case of two-dimensional radial flow. 
The solutions containing shock waves are studied 
in detail. 


THE STABILITY OF VISCOUS FLOW BETWEEN 
ROTATING CYLINDERS. S. Chandrasekhar. Roy- 
al Soc. (London) Proc., Ser. A, Aug. 19, 1958, pp. 
301-311. 10 refs. USAF-supported presentation of 
a method for solving the exact characteristic val- 
ue problem of hydrodynamic stability of viscous 
flow between rotating cylinders. Detailed numer- 
ical results are obtained for the case when the ra- 
tio of radii of the two cylinders is one-half. 


EXPERIMENTS ON THE STABILITY OF VIS- 
COUS FLOW BETWEEN ROTATING CYLINDERS. 
I - TORQUE MEASUREMENTS. R. J. Donnelly. 
Royal Soc. (London) Proc., Ser. A, Aug. 19, 1958, 
pp. 312-325. 10 refs. Measurements of the hydro- 
dynamic stability of viscous flow between concen- 
tric cylinders using a small rotating cylinder vis- 
cometer. The inner cylinder is rotated and the 
outer cylinder is freely suspended on a torsion fi- 
ber. The onset of instability is characterized by 
a discontinuity in the measured effective viscosity. 
Results for the case of a small annular gap between 
cylinders agree to within 1.3% with the theory for 
an infinitesimal gap. The results for the case of a 
wide annular gap agree to within 0.5% with the ex- 
act theory given by Chandrasekhar. Detailed meas- 
urements of the torque above the onset of instabil- 
ity are given in both cases. 


INVISCID HYPERSONIC FLOW AROUND 
SPHERES AND CIRCULAR CYLINDERS. E. D. 
Martin. Rensselaer Polytech. Inst. Dept. Aero. 
Eng. TR AE5807 (AFOSR TN 58-448) [AD 158254], 
Apr., 1958. 70 pp. 19 refs. Description of the 
pattern and properties of the fluid flow around the 
nose region of a blunt body moving at steady hy- 
personic speed through a gas which may betreated 
as a continuous fluid. An approximate method for 
calculating such flow is presented; results,interms 
of simple closed form analytical expressions,are 
given. The equations of motion are integrated, 
and a third order ordinary differential equation is 
obtained. For the sphere the solution is a polyno- 
mial, while the two-dimensional solution is formed 
in terms of Bessel functions. Some important flow 
properties found from this solution are: shock de- 
tachment distance, velocity, stagnation point ve- 
locity gradient, vorticity, stream function, and 
pressure coefficient. The results are given in 
terms of the shock density ratio and are found to 
agree fairly well with those obtained in other theo- 
retical and experimental investigations, the results 
for the sphere being more accurate than those for 
the circular cylinder. 
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THE BOUNDARY-LAYER EQUATION FOR AX- 
IALLY SYMMETRIC FLOW PAST A BODY OF 
REVOLUTION - MOTION OF A SPHERE. David 
Meksyn. J. Aero/Space Sci., Oct., 1958, pp. 631- 
664. Derivation of the boundary-layer equationfor 
axially symmetric flow past a body of revolution 
by using a procedure which transforms the usual 
boundary-layer equations for axially symmetric 
flow to those of a plane flow. This method is ap- 
plied to find the friction and the separation point 
for a flow past a sphere. The equation is integrat- 
ed asymptotically by the method developed for 
plane flow, where the partial differential equation 
is reduced to an ordinary equation. A short 
straightforward method of step-by-step integration 
is used. The procedure for determining the sepa- 
ration point is given. 


PRESSURE DISTRIBUTIONS AT TRANSONIC 
SPEEDS FOR SLENDER BODIES HAVING VARIOUS 
AXIAL LOCATIONS OF MAXIMUM DIAMETER, 

J. B. McDevitt and R. A. Taylor. US, NACA TN 
4280, July, 1958. 112 pp. Presentation of the 
measured static-pressure distributions at the mod- 
el surfaces and in the surrounding flow field for a 
related series of bodies of revolution having loca- 
tions of maximum cross-sectional areas at 0.3, 
0.4, 0.5, 0.6, and 0.7 of the body length. The 
‘data were obtained with the various bodies, all of 
fineness ratio 12, at zero angle of attack. The 
Mach Number varied from 0.80 to 1.20, and the 
Reynolds Number, baged on body length, from ap- 
proximately 23.4 x 10° to 24.6 x 10”. 


CONDITIONS GOVERNING THE INITIAL SLOPE 
OF A SONIC LINE ON A BLUNT BODY. A. G. 
Hammitt and J. J. Sullivan. Princeton U. Dept. 
Aero. Eng. Rep. 408 (USAF WADC TN 58-73)[AD 
151066], Feb., 1958. 10 pp. Study showing that 
the conditions for an initially normal sonic line can 
be derived for general shapes by an elementary 
consideration of flow relations and that an approxi- 
mate initial slope of the sonic line can be calculat- 
ed for certain simple body shapes. These conditions 
depend upon the shock shape of the nose and the 
body radius of curvature. For a plane body, the 
sonic line forms an acute angle with the body, which 
is relatively independent of Mach Number. For 
axially symmetric bodies, the angle may be either 
acute or obtuse, depending on the local radius of 
curvature, the free stream Mach Number, and oth- 
er parameters. 


VLIIANIE MALOGO ZATUPLENIIA PEREDNE- 
GO KONTSA TELA NA EGO OBTEKANIE POTO- 
KOM S BOL'SHOI SVERKHZVUKOVOI SKO- 


ROST'IU. G. G. Chernyi. AN SSSR Otd. Tekh. 
Nauk Izv., Apr., 1958, pp. 54-66. 23 refs. In 


Russian. Investigation of the effect of slight nose 
bluntness on the hypersonic flow around a body. 
Includes tentative extension of the hypersonic flow 
theory past bodies with sharp leading edges. The 
size of the bluntness is ignored in the case of flow 
in an area comparable to the length of the body. 
The bluntness effect is considered in the form of 
concentrated forces acting from the leading edge 
direction, and Newton's formula is used for the ap- 
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1958, pp. 206-219. 


proximation at hypersonic speeds. 
tion is restricted to the case of a symmetrical flow 


The investiga- 


past airfoils or bodies of revolution. Anumerical 
approach is used for flow around a plate with blunt 
leading edge, a circular cylinder at incidence, a 
thin blunt wedge, and a thin blunt cone. 


OBTEKANIE SIMMETRICHNOGO PROFILIA S 
OTOSHEDSHEI UDARNOI VOLNOI. O. M. Belo- 
tserkovskii. Prikl. Mat. i Mekh., Mar.-Apr., 

ll refs. In Russian. Survey 
of previous investigations and evaluation of various 
approaches used for the calculation of flow past a 
symmetrical profile with shock wave separation. 
Includes derivation of a numerical solution by 
means of the method of integral relationships, re- 
ducing the integration of the system of nonlinear 
differential equations with partial derivatives to 
the numerical solution of a certain approximating 
system of ordinary differential equations. Theuse 
of electronic computers leads to final results with 
the required degree of accuracy for the specific 
problem. Few illustrative cases presented include 
a flat profile with the axis of symmetry and a cir- 
cular cylinder at varying Mach Numbers. Formu- 
las for the flow behind the shock wave are derived 
and an analysis of the theoretical calculations is 
presented along with a comparison to experiment. 
Results of the calculation are used to compute the 
pressure pattern over the body and around it, the 
‘sonic line, the characteristics, and other parame- 
ters. An analogous procedure is used to calculate 
the flow around an axisymmetrical body with shock 
wave separation. 


HEAT-TRANSFER AND PRESSURE MEASURE- 
MENTS ON FLAT-FACED CYLINDERS AT A 
MACH NUMBER OF 2. Appendix A - VARIATION 
OF MEASURED QUANTITIES WITH TIME, Ap- 
pendix B - PRESSURES MEASURED ON 12-INCH 
MODEL. Appendix C - THEORETICAL HEAT- 
TRANSFER DISTRIBUTIONS. W. E. Stoney, Jr., 
and J. T. Markley. US, NACA TN 4300, July, 
1958. 38 pp. 13 refs. 
inders of 12-in- and 4-in.-diameter under sea- 
level conditions in the preflight jet of the Langley 
Pilotless Aircraft Research Station. Both pres- 
sure distributions and heat-transfer rates were 
measured, The pressure data from the 4-in. -di- 
ameter model agree well with previously obtained 
results. The stagnation-point pressure gradient 
is of about 30% of the gradient on an equivalent - 
size hemisphere. The heat-transfer data agree 
reasonably well with the theoretical results when 
the flow is laminar. The stagnation-point heating 
rates are approximately 55% as great as the stag- 
nation heating rates on a hemisphere of equal di- 
ameter, 


ETUDE EXPERIMENTALE D'UN FUSELAGE 
EN SUPERSONIQUE ELEVE. R. Cérésuela. La 
Recherche Aéronautique, May-June, 1958, pp. 3- 
ll. InFrench. Experimental investigation in a 
supersonic wind tunnel at Mach Numbers up to 4.3 
and Reynolds Numbers of 9 x 10° on double-taper 
bodies of revolution as part of a study covering 
the aerodynamic characteristics of fuselage and 
wing-body combinations. Measurements of lift 
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and frictional and induced drag are compared with 
theoretical values. A description of the experi- 
mental installation and methods used is also given. 
Results indicate that the theory does not cover sev- 
eral important effects of the fuselage in supersonic 
flow, such as lift augmentation and adverse effect 
on stability. 


AN ESTIMATE OF THE FLUCTUATING SUR- 
FACE PRESSURES ENCOUNTERED IN THE RE- 
ENTRY OF A BALLISTIC MISSILE. Appendix A - 
ALTITUDE AT WHICH MAXIMUM LOCAL DYNAM- 
IC PRESSURE IS ENCOUNTERED, Appendix B - 
REYNOLDS NUMBER PER FOOT BASED ON CON- 
DITIONS IMMEDIATELY BEHIND SHOCK AT NOSE 
(pe 1 CORRESPONDING TO MAXIMUM LOC- 
AL DYNAMIC PRESSURE. Appendix C - CALCU- 
LATION OF TIME DURING WHICH HIGH VALUES 
OF LOCAL DYNAMIC PRESSURE ARE ENCOUN- 
TERED. E. E, Callaghan. US, NACA TN 4315, 
July, 1958. 18 pp. Calculation of the magnitude 
of the surface sound pressure levels occurring on 
blunt-nosed vehicles during reentry into the earth's 
atmosphere. The results presented cover a wide 
range of reentrance velocities and angles, as well 
as sizes and weights of the vehicle. The analysis 
is based on current subsonic results which can be 
extrapolated to high supersonic speeds for a blunt- 
nosed body, due to the low values of local Mach 
Number behind the shock but outside the boundary 
layer. The analysis is limited to the particular 
point on the body where the maximum local sound 
pressure level is obtained. A constant value of 
the ratio of the surface root-mean-square pressure 
to the local dynamic pressure, which is based on 
current subsonic data, is assumed. The results 
indicate that surface sound pressure levels of the 
order of 150 db. or higher are likely to be encoun- 
tered. The time of exposure to these levels is 
found to be of the order of 25 seconds. 


A NOTE ON THE DRAG OF WING-BODY COM- 
BINATIONS IN LINEARISED SUPERSONIC FLOW. 
L. E, Fraenkel. Aero. Quart., Aug., 1958, pp. 
305-312. Modification of Ward's area-transfer 
rule to make it more suitable for configurations 
with fuselages or nacelles which are neither slen- 
der nor smooth (although they are assumed to have 
small profile slope). The body source strength of 
Ward's analysis, which is appropriate only for 
smooth, slender bodies,is replaced by a source 
strength which is valid more generally. However, 
the drag contributions of the body multi-sources 


and of the interference field are still neglected, so — 


that the theory is tentative rather than rigorous. 


FIRST-ORDER APPROACH TO A STRONG IN- 
TERACTION PROBLEM IN HYPERSONIC FLOW 
OVER AN INSULATED FLAT PLATE, Hakuro 
Oguchi. Tokyo U., Aero. Res. Inst. Rep. 330, 
June, 1958. 30 pp. lérefs. Analysis of the strong 
interaction phenomenon over an insulated semi- 
infinite flat plate with a sharp leading edge. The 
consistent treatment in which the boundary-layer 
solution may be joined continuously with the invis- 
cid solution regarding flow variables including 
pressure, normal velocity, temperature, and den- 
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sity is stressed. It is shown that the behavior of 
the inviscid solution may be consistent with that of 
the boundary layer to at least first-order approx- 
imation. The first-order boundary-layer problem 
is formulated; calculations are carried out for the 
cases of air and helium. It is found that the region 
in which the viscous effect plays a significant role 
ranges from zero to a certain finite value of the 
similarity coordinate 7 in the corresponding in- 
compressible boundary layer. The numerical re- 
sults indicate that the induced pressure is consid- 
erably smaller than the estimate of Lees. Present 
results and experimental data obtained in helium 
by Erickson show excellent agreement. 


TWO-DIMENSIONAL INCOMPRESSIBLE MAG- 
NETOHYDRODYNAMIC PLOW ACROSS AN ELLIP- 
TICAL'’SOLENOID. N. H. Kemp and H. E. Pet- 
schek. Avco Res. Lab. RR 26, Apr.,1958. 66 pp. 
USAF -supported analysis of a constant-conductivity 
fluid through an elliptically-shaped solenoid contain- 
ing a constant magnetic field directed normal to 
the flow plane. The effect of both Hall current and 
ion slip has been included in the Ohm law used 
for the fluid. The analysis is performed by means 
of a perturbation method in two parameters, one 
being the magnetic Reynolds Number Ry and the 
other the ratio of magnetic force per unit area to 
dynamic pressure S. Calculations are carried 
through first order in each parameter, and closed- 


form analytic expressions are obtained for the force 


and moment on the solenoid, the current density, 


stream function, magnetic field, and other pertinent 


physical quantities. 


MAGNETO-GASDYNAMICS OF HYPERSONIC 
COUETTE FLOW. Z. O. Bleviss. (Douglas Rep. 
SM-23098, Feb., 1958.) J. Aero/Space Sci., 
Oct., 1958, pp. 601-615. 18 refs. Investigation of 
the Couette flow problem extended to include a uni- 
form externally imposed magnetic field normal to 
the walls. Numerical solutions are presented for 
air for the case of the insulated wall for Mach 
Numbers from 10 to 30, and for the case of heat 
transfer from Mach Numbers of 20 and 30. The 
effects of the magnetic field are shown upon the ve- 
locity, temperature, electrical current density, 
and induced magnetic field distributions, and upon 
the skin friction, heat transfer, and total drag. 


Results indicate that relatively weak magnetic fields 


produce large increases in the total drag, large re- 
ductions in the skin friction, and relatively little 
effect on the heat transfer. Whereas the total drag 
without magnetic field is skin friction drag, the 
drag with magnetic field is primarily magnetic 
drag. 


NON-EQUILIBRIUM FLOW OF AN IDEAL DIS- 
SOCIATING GAS. N. C. Freeman. J. Fluid 
Mech., Aug., 1958, pp. 407-425. Extension of 
the theory of an ideal dissociating gas developed by 
Lighthill for conditions of thermodynamic equilib- 
rium to nonequilibrium conditions by postulating 
a simple rate equation for the dissociation process 
which includes the effects of recombination. This 
equation contains the equilibrium parameters of the 
Lighthill theory plus a further nonequilibrium pa- 
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rameter which determines the time scale of the 
dissociation phenomena. The behavior of this gas 
is investigated in flow through a strong normal 
shock wave and past a bluff body. The assumption 
is made that the gas receives complete excitation 
of its rotational and vibrational degrees of freedom 
in an infinitesimally thin region according to the 
familiar Rankine-Hugoniot shock wave relations be- 
fore dissociation begins. The variation of the rel- 
evant thermodynamic variables downstream of this 
region is then computed for particular cases. 


INTRODUZIONE ALLO STUDIO DELL'AERO- 
TERMOCHIMICA. L. G. Napolitano. L'Aerotec- 


empirical analytical expressions and presentation 
of examples illustrating the use of thermodynamic 
and transport properties of air to evaluate (a) e- 
quilibrium conditions following shock waves, (b) 
stagnation region heat flux to a blunt high-speed 
body, and (c) some chemical relaxation lengths in 


stagnation region flow. Includes discussion of the 
actual state of scientific knowledge and presenta- 
tion of experimental results. 


LAMINAR HEAT TRANSFER AROUND BLUNT 
BODIES IN DISSOCIATED AIR. N. H. Kemp, 
P, H. Rose, and R. W. Detra. Avco Res. Lab. 
RR 15, May, 1958. 36 pp. 12 refs. USAF-spon- 


nica, Apr., 1958, pp. 96-108. 18 refs. In Italian. 
Analysis of the basic equations of aerothermochem- 
istry with the assumption that the effects due to 
chemical reactions and to macroscopic convective 
motion are of the same order of magnitude. Three 
specified forms of these equations are derived. By 
furthering the analysis of steady nondimensional 
motions it is shown that: (a) the stagnation enthalpy 
of the mixture is constant along a streamline; (b) 
Bernoulli equation and Crocco theorem still hold; 
(c) the function S, = S + SEE , where S is the to- 
tal specific entropy, is constant along a streamline. 
The characteristic equations and the corresponding 
regularity conditions are derived for the general 
case of steady, two-dimensional, rotational motion 
of a reacting binary gas mixture. The results 
yielded by an investigation of the dissipative motion 
of a reacting binary gas mixture are given. 


BOUNDARY-LAYER STABILITY DIAGRAMS 
FOR ELECTRICALLY CONDUCTING FLUIDS IN 
THE PRESENCE OF A MAGNETIC FIELD. V. J. 
Rossow. US, NACA TN 4282, Aug., 1958. 32 pp. 
18 refs. Study of the effectiveness of a magnetic 
field in stabilizing the laminar flow of an incom- 
pressible, electrically conducting fluid. The neu- 
tral stability curves pertaining to a two-dimension- 
al sinusoidal disturbance are presented for flow 
over a semi-infinite flat plate in the presence of 
either a coplanar or a transverse magnetic field. 
It is found that the magnetic field stabilizes the 
flow unless the velocity profile is distorted by the 
magnetic field to an inherently unstable shape. 
This occurs when a transverse magnetic field is 
fixed relative to a semi-infinite flat plate. 


THE EQUILIBRIUM OF A SELF -GRAVITATING 
INCOMPRESSIBLE FLUID SPHERE WITH MAG- 
NETIC FIELD. P. L. Bhatnagar. Indian Inst.Sci. 
J., Sect. A, Apr., 1958, pp. 50-73. 11 refs. 
Study of the magnetic fields which can prevail in an 
axisymmetric configuration in a coherent manner. 
Certain types of fields discussed include force- 
free, poloidal, toroidal, and combinations of the 
toroidal and poloidal fields. Equilibrium config- 
urations and the total change in the magnetic energy 
are calculated for the toroidal field. 


A REVIEW OF THE THERMODYNAMIC, 
TRANSPORT, AND CHEMICAL REACTION RATE 
PROPERTIES OF HIGH-TEMPERATURE AIR. C. 
F. Hansen and S. P.. Heims. US, NACA TN 4359, 
July, 1958. 33 pp. 26 refs. Derivation of semi- 
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sored presentation of a method for calculating heat 
transfer based on an exact numerical solution of 
the boundary layer differential equations which re- 
sult from a "local similarity" assumption. The 
solutions are correlated in terms of the external 
pressure gradient parameter (© and a variable ra- 
tio of py. Lewis Number effects are also dis- 
cussed. This is accomplished numerically by an 
extension of the method which Fay and Riddell used 
at the stagnation point. The solutions, which de- 
pend on the local external flow conditions, vary 
around the body in contrast to the constant values 
used by Lees. The study is restricted to bodies of 
revolution at zero angle of incidence. Comparison 
is made with shock tube experiment ona hemisphere 
cylinder and on a flat-nosed cylinder. 


STUDY OF SOME SUPERSONIC ROTATIONAL 
FLOW PROBLEMS BY A PERTURBATION TECH- 
NIQUE. C. Thyagarajan and K. T. Yen. Rensse- 
laer Polytech. Inst. Dept. Aero. Eng. TR AE5803 
(AFOSR TN 58-624) [AD 162154], Apr., 1958. 27 
pp. Analysis of some supersonic rotational invis- 
cid flows by application of a small perturbation 
technique which uses generalized coordinates form- 
ed by streamlines and their orthogonal trajectories. 
With a properly prescribed pressure distributionon 
a body surface in generalized coordinates, the body 
shape and the pressure field in the physical plane 
can be determined. Using a conveniently chosen 
initial Mach Number distribution two examples are 
studied. The first one is concerned with a linear 
surface pressure distribution which gives a nearly 
wedge-shaped body in the physical plane. In the 
second case, to examine the’ phase shift of the pres- 
sure distribution for a supersonic rotational flow 
over a periodically wavy wall, a sinusoidal pres- 
sure distribution is chosen. 


ON THE PROPAGATION OF SHOCK WAVES 
THROUGH REGIONS OF NON-UNIFORM AREA 
OR FLOW. G. B. Whitham. J. Fluid Mech., 
Aug., 1958, pp. 337-360. 14 refs. ONR-sponsor- 
ed study of the work of Moeckel on the interaction 
of an oblique shock wave with a shear layer in 
steady supersonic flow and the work of Chester 
and Chisnell on the propagation of a shock wave 
down a nonuniform tube. It is shown that their 
basic results can be obtained by the application of 
the following rule: the relevant equations of mo- 
tion are first written in characteristic form, then 
the rule is to apply the differential relation which 
must be satisfied by the flow quantities along a 
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characteristic to the flow quantities just behind the 
shock wave. Together with the shock relations 
this rule determines the motion of the shock wave. 
Some applications are made to such problem as 
converging and spherical shocks, propagation 
through a stratified layer, converging cylindrical 
shock waves in magnetohydrodynamics, shear lay- 
ers in supersonic flow, an axisymmetric duct in 
supersonic flow, and propagation of bores in shal- 
low water. 


ON THE ACCURACY OF THE REPRESENTA- 
TION OF A LIFTING LINE BY A FINITE SET OF 
HORSESHOE VORTICES, A. R. Collar. Aero. 
Quart., Aug., 1958, pp. 232-250. Study of the er- 
ror involved when the continuous distribution of 
lift on an unswept lifting surface is represented by 
a number of horseshoe vortices, the strengths of 
which are determined by a prescribed downwash. 
Attention is directed mainly to the case of elliptic 
loading, but an antisymmetric case is also studied 
to ensure that the conclusions are not peculiar to 
the elliptic case. If the number of vortices is m, 
it is concluded that,when the downwash at the cen- 
ter of each horseshoe vortex is prescribed equal 
to that for the continuous case, the total load due 
to the horseshoe system over-estimates the true 
load in the ratio(mt+l)/m. If the circulation is de- 
termined for a wing of finite aspect ratio by its 
geometric incidence, the error will be less than 
that in the previous case; a correction formula in- 
volving m and the aspect ratio A is derived for 
this case. 


RELAXATION TIME FOR REACTIONS BEHIND 
SHOCK WAVES AND SHOCK WAVE PROFILES. 
R. E. Duff. Phys. Fluids, May-June, 1958, pp. 
242-245. Development of a relation between the 
reaction rate constants and the relaxation time for 
the approach to equilibrium of a chemical reaction 
behind a shock wave. The importance of the vari- 
ation of temperature behind a shock on the rate of 
approach to equilibrium is shown. Numerical cal- 
culations of the shock wave profile in O2 for two 
different dissociation mechanisms show that the 
relaxation time analysis is only appropriate forthe 
description of the dissociation within a few per cent 
of equilibrium. The calculations also show that 
ozone is not an effective intermediate for the shock 
dissociation of O2, and that it is impossible to de- 
fine a relaxation time for the over-all dissociation 
process which is inversely proportional to pres- 
sure or density. 


INFLUENCE OF SOLID-BODY ROTATION ON 
SCREEN-PRODUCED TURBULENCE. Appendix 
A - METHOD OF MEASUREMENTS. S. C. Trau- 
gott. Appendix B - MOTION OF A PERTURBED 
ELEMENT IN A ROTATING FLUID. Hsuan Yeh. 
US, NACA TN 4135, Aug., 1958. 100 pp. 28 refs. 
Investigation covering measurements of the radial 
distributions of the three components of turbulence 
intensity and the three turbulent shear stresses at 
a fixed distance downstream of the screen both 
with and without rotation. An energy balance is 
made for the three intensities from measured decay 
and dissipation terms. A peripheral velocity dis- 
tribution like that of a rotating solid body imposed 
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on the turbulence produced by screens is found to 
undergo very little change with distance along the 
axis of rotation. Measurements of the turbulent 
shear correlation between radial and peripheral 
fluctuations 17.5 mesh lengths from the farthest 
downstream screen give a small positive value for 
this quantity over the major position of the flow field. 
The other shear correlations are found to vanish. 
It is believed that the nonvanishing of this shear 
correlation is due to the fact that the flow is not 
fully developed, although the exact mechanism is 
not clear. Consideration of the qualitative nature 
of the turbulent shear stresses, based on the pro- 
duction term in the equations for these stresses, 
leads to results in agreement with the experimen- 
tal findings. Such considerations also lead to re- 
sults in agreement with experiments for the in- 


fluence of curvature on a fully developed channel 
flow. 


AN APPLICATION OF THE WEBER-ORR 
TRANSFORM TO THE PROBLEM OF TRANSGONIC 
FLOW PAST A FINITE WEDGE IN A CHANNEL. 
J. B. Helliwell. Cambridge Philos. Soc. Proc., 
July, 1958, pp. 391-395. AFOSR-sponsored study 
of the flow pattern under the conditions proposed 
by Mackie and Pack. Includes derivation of an e- 
quation incorporating the physical details of the 
conservation of mass flow from which the down- 
stream Mach Number may be deduced in terms of 
the upstream Mach Number and the channel width. 


TURBULENCE AND TEMPERATURE FLUCTU- 
ATIONS BEHIND A HEATED GRID. Appendix - 
EFFECT OF HOT-WIRE NONLINEARITY ON 
TRIPLE CORRELATION MEASUREMENT. R. R. 
Mills, Jr., A. L. Kistler, V. O'Brien, and S. 
Corrsin. US, NACA TN 4288, Aug., 1958. 67 pp. 
17 refs. Presentation of measurements made of 
fluctuation levels and various double and triple 


correlation functions in the approximately isotropic 


velocity and temperature fluctuation fields behind 
a hot grid. The double and triple correlation co- 
efficient functions are of roughly the same spatial 
extent for the vector and scalar fields. As antic- 
ipated from theoretical considerations, the temp- 
erature fluctuations die out more slowly than does 
the turbulence. 


Internal Flow 


STALL PROPAGATION IN A CASCADE OF AIR- 


FOILS. A. R. Kriebel, B. S. Seidel, and R. G. 
Schwind. US, NACA TN 4134, June, 1958. 122 pp. 
19 refs. Experimental investigation of stall propa- 
gation in a stationary circular cascade in which 
high-speed schlieren and interferometer photogra- 
phy are used. The investigation suggests an ana- 
lytical approach to the study of stall propagation 
which is valid only for an isolated blade row in an 
infinite flow field, but which is not restricted to 


small unsteady perturbations or to an assumed sim- 


plified cascade geometry. Conditions necessary 
for the existence of the assumed type of stall cells 
are described and equations are derived for the 


velocity of stall-cell propagation. The propagation 


velocities predicted for the theoretical potential 
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model correlate with all the experimental values 
measured in an isolated rotor within 15%. 


ANALYTICAL RELATION FOR WAKE MOMEN- 
TUM THICKNESS AND DIFFUSION RATIO FOR 
LOW-SPEED COMPRESSOR CASCADE BLADES, 
Seymour Lieblein. US, NACA TN 4318, Aug., 1958. 
31 pp. 15 refs. Derivation of a simple equation 
relating wake momentum thickness and suction 
surface diffusion ratio (ratio of maximum surface 
velocity to outlet velocity) of conventional low- 
speed cascade blades using a simplified boundary- 
layer theory in conjunction with several empirical 
constants. An analytical relation is thus obtained 
that describes the experimental correlations be- 
tween momentum thickness and diffusion correla- 
tions previously reported. 


SOME EFFECTS OF VANES AND OF TURBU- 
LENCE IN TWO-DIMENSIONAL WIDE-ANGLE 
SUBSONIC DIFFUSERS. Appendix A - DEFINI- 
TION AND DERIVATION OF ENERGY PARAME- 
TERS AND THEIR COMPARISON WITH PRES- 
SURE PARAMETERS. Appendix B - EFFECT OF 
EXIT-VELOCITY-PROFILE SQUARENESS ON 
PRESSURE RECOVERY AND PRESSURE EFFEC- 
TIVENESS. Appendix C - ACCURACY, C. A, 
Moore, Jr., andS. J. Kline. US, NACA TN 4080, 
June, 1958. 139 pp. 26 refs. Study of the flow 
mechanism using dye injection in a water table. 
The four regimes of flow found are expressed in 
terms of three parameters: (a) divergence angle, 
(b) ratio of throat width to wall length, and (c) free 
stream turbulence. Also data are presented which 
demonstrate means for producing efficient diffusers 
for total included angles up to al least 45° by use 
of simple, short, flat vanes. 


KINETIC THEORY OF LINEAR SHEAR FLOW. 
E. P. Gross and S. Ziering. Phys. Fluids, May- 
June, 1958, pp. 215-224. Study of the flow of a 
monatomic gas between two parallel plates kept at 
the same temperature and moving in opposite di- 
rections. Adopted are the customary boundary 
conditions in which a fraction of the molecules is 
specularly reflected and the rest emitted with a 
Maxwellian distribution characteristic of the plate. 
The space functions are determined by taking half- 
range velocity moments of the Boltzmann equation. 
Explicit results for the distribution function, flow 
velocity, and stress are given for a general law of 
force. Numerical results are worked out for hard 
sphere molecules. The method treats both micro- 
scopic boundary conditions and conservation laws. 
Precise results are obtained both for the low-pres- 
sure region and for the high-pressure coefficient 
of viscosity; the region of slip flow is analyzed. 

In this region of pressures, the deviations from 
the velocity profile of the hydrodynamic slip flow 
theory are everywhere very small, and are com- 
pletely negligible at distances greater than 1/8 of 
a mean free path from a plate. 


NONLINEAR OSCILLATIONS OF A COLUMN 
OF GAS. R. Betchov. Phys. Fluids, May-June, 
1958, pp. 205-212. Theoretical analysis, based on 
discontinuous linearized solutions and a secular e- 
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quation, of the motion of a column of air in a long 
pipe closed at one end and driven at the other by 
an oscillating piston. This equation guarantees that 
the motion remains periodic in spite of the cumu- 


lative effects of the nonlinear terms. The proper. 
ties of shock waves are summarized, and the be- 
havior of the Riemann invariants through the shocks 
is discussed. The energy balance and the effect of 
viscosity are evaluated, and resonance at higher 
frequencies is observed. For an inviscid gas, the 
amplitude at resonance is found to be finite and de- 
termined by nonlinear effects. Final results, in- 
cluding friction, are shown in graphical form. 


INTERNAL CHARACTERISTICS AND PERFORM. 


ANCE OF AN AERODYNAMICALLY CONTROLLED, 
VARIABLE-DISCHARGE CONVERGENT NOZZLE, 
J. G. McArdle. US, NACA TN 4312, July, 1958. 
33 pp. Investigation showing that a considerable 
reduction of the effective flow area can be obtained 
in a convergent exhaust nozzle by injecting a high- 
pressure, high-temperature secondary jet into the 
nozzle near the exit. Analytical expressions, re- 
lating the performance with significant design and 
operating variables, are developed, and necessary 
experimental factors are evaluated by using a4-in.- 
exit-diameter nozzle with unheated pressurized 
air discharged into the atmosphere. It is shown 
that some configurations, altered to operate as jet 
deflectors, produce significant values of side force, 
but, at the same time, operate at reduced effective 
flow area. 


ABSCHAETZUNG DES REGULARITAETSGE- 
BIETES UND NUMERISCHE DARSTELLUNG 
TRANSSONISCHER DUESENSTROEMUNGEN. E, 
Martensen. (GAMM Annual Meeting, Saarbriicken, 
Apr. 8-12, 1958.) Aero. Versuchsanstalt, Gdttin- 
gen, Bericht No. 58/A/04, Feb. 13, 1958. 11 pp. 
In German. Investigation of a compressible, sta- 
tionary, and inviscid potential flow in plane Laval 
nozzles. In the transonic case the flow is assumed 
to have a linearly increasing velocity distribution 
along the nozzle axis. Includes presentation of ex- 
perimental results and description of the method 
of calculation. 


Jet Flaps & Wings 


THEORY OF TWO-DIMENSIONAL AEROFOIL 
WITH JET FLAP. Wtodzimierz Prosnak. Arch. 
Mech. Stosowanej, No. 1, 1958, pp. 3-24. 16 refs. 
Investigation of the influence of a jet flap on the a- 
erodynamic coefficients of an airfoil, assuming 
perfect fluid and steady plane motion. The flow 
past a circular profile with jet flap is considered; 
it can be mapped into another profile by using 
known methods of conformal mapping. Airfoils 
which can be obtained by using Joukowski's trans- 
formation are studied, and the pitching moment is 
determined. Simple closed formulas for the aer- 
odynamic coefficients of two-dimensional profiles 
with jet flaps are derived and the obtained results 
are analyzed. 


SOME CONTRIBUTIONS TO JET-FLAP THE- 
ORY AND TO THE THEORY OF SOURCE-FLOW 
FROM AEROFOILS. L. C. Woods. Gt. Brit., 
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37 pp. 13 refs. BIS, New 
York, $0.90. Theoretical study of the thrust, lift, 
and moment on an airfoil due to a two-dimensional 
jet of air ejected from the trailing edge at an angle 
y to the main stream. It is rigorously proved 

that in subsonic compressible flow the ideal thrust 
of the jet is independent of the exit angle r (angle 
between main stream and jet flow). The theory for 
the lift and moment is developed for incompressible 
flow only and is not rigorous, being based on the 
assumption that jets of equal momentum and at e- 
qual values of r have essentially the same influence 
on the main stream. The theory is in satisfactory 
agreement with,the experimental values available. 


THE LIFT ON A THIN AEROFOIL WITH A 
JET-AUGMENTED FLAP. D. A. Spence. Aero. 
Quart., Aug., 1958, pp. 287-299. Application of 
a method developed previously for calculating the 
lift on a thin jet-flapped airfoil to the case in which 
the jet enters the main stream tangentially from a 
deflected flap. The calculated lift derivatives 
show that the effectiveness of the jet flap scheme 
may be increased by blowing over flaps of the order 
of 20% or 30% of the chord, rather than over the 
small ''shrouds" which have hitherto been propos- 
ed. 


PRESSURE-PLOTTING MEASUREMENTS ON 
AN 8 PER CENT THICK AEROFOIL WITH TRAIL- 
ING-EDGE FLAP BLOWING. J. Williams and A. 
J. Alexander. Gt. Brit., ARC R&M 3087, 1958. 
34 pp. BIS, New York, $2.16. Description of 
wind-tunnel experiments on an 8% thick airfoil be- 
tween end plates, with blowing from a slot in the 
knee of a 25% chord trailing-edge flap, to improve 
the lifting efficiency of the flap. Both the blowing- 
slot width and the position are varied. The sec- 
tional lift and pitching moment are derived by chord- 
wise integration of the surface static pressures 
measured at the mid-span station. Tuft observa- 
tions and surface-pressure measurements are made 
to determine the extent of the turbulent separation 
region on the trailing-edge flap and of the laminar 
separation bubble on the airfoil nose. The blowing 
momentum required to prevent flow separation on 
the flap, at a given angle and zero wing incidence, 
was less conclusive than might have been expected 
from earlier two-dimensional experiments. The 
separation bubble began to expand markedly when 
the incidence reached only a few degrees. 


USE OF THE COANDA EFFECT FOR OBTAIN- 
ING JET DEFLECTION AND LIFT WITH A SIN- 
GLE FLAT-PLATE DEFLECTION SURFACE, 
Appendix A, B - PRESSURE DISTRIBUTION OVER 
DEFLECTION PLATES. Appendix C - CORRELA- 
TION OF PRESSURE DISTRIBUTION IN TERMS 
OF RATIO OF LOCAL SURFACE DISTANCE TO 
NOZZLE HEIGHT RAISED TOn-POWER. Appen- 
dix D - CENTER-OF-PRESSURE LOCATION ON 
DEFLECTION PLATE. U. H. von Glahn. US, 
NACA TN 4272, June, 1958. 49 pp. 10 refs. Pres 
entation of performance characteristics similar to 
those for a flap immersed in an airstream in quies- 
cent air for the case of nozzle-deflection-plate con- 
figurations using the Coanda effect for achieving 
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jet deflection and vertical lift. 
plate deflection surface the optimum ratio of lift 
to undeflected thrust follows a sine function with a 


With a simple flat- 


plate deflection angle. Because of jet detachment 

from the deflection plate, the configurations studied 
were limited to specific deflection angles depending 
on nozzle height. An empirical relation is derived 
for predicting the required plate length in terms of 
nozzle height for achieving optimum performance 

at a given deflection-plate angle and pressure ratio, 


FULL-SCALE WIND-TUNNEL TESTS OF A 35° 
SWEPTBACK-WING AIRPLANE WITH BLOWING 
FROM THE SHROUD AHEAD OF THE TRAILING- 
EDGE FLAPS. W. H. Tolhurst, Jr. US, NACA 
TN 4283, July, 1958. 40 pp. Investigation to de- 
termine the effect of flap location on the jet-flow 
momentum coefficient required to control the flap 
boundary layer when blowing from the wing shroud. 
The data presented show the change in lift coeffi- 
cient with changes in momentum coefficient for 
various flap deflections, flap positions, and nozzle 
heights. The results show that flap locations near 
the nozzle permitted control of the flap boundary 
layer with minimum jet-momentum requirements; 
with increasing distance of the flap from the nozzle, 
the momentum required for boundary-layer control 
increased rapidly. The momentum-coefficient re- 
quirements for shroud blowing from a plain flap 
compare favorably with the requirements for blow- 
ing from a nozzle located in the upper surface of a 
plain flap. It is also found that the jet momentum 
coefficient is not a satisfactory correlating param- 
eter for blowing with large nozzle heights and low 
duct pressures. 


WIND-TUNNEL INVESTIGATION AT LOW 
SPEEDS OF FLIGHT CHARACTERISTICS OF A 
SWEPTBACK-WING JET-TRANSPORT AIRPLANE 
MODEL EQUIPPED WITH AN EXTERNAL-FLOW 
JET-AUGMENTED SLOTTED FLAP. J. L. John- 
son, Jr. US, NACA TN 4255, July, 1958. 32 pp. 
Presentation of test results from experiments made 
over a lift-coefficient range up to approximately 
12.5 for a range of angles of attack from -12° to 
about 13°. For lift coefficients higher than 6, a 
downwardly directed nose jet is used to supplement 
the trimming power of the horizontal tail. Flight 
characteristics of the model without the nose jet 
were generally satisfactory up to a lift coefficient 
of about 4. Flight characteristics of the model 
with the nose jet are generally satisfactory over 
the test lift-coefficient range, but the control ef- 
fectiveness provided by conventional control sur- 
faces is barely sufficient to maintain flight at a 
lift coefficient of 12.5. 


Performance 


LE COUPLAGE PAR INERTIE ET SES REPER- 
CUSSIONS SUR LES QUALITES DE VOL. J. Czin- 
zenheim, P. Jaillard, and M. Pottier. Docaéro, 
May, 1958, pp. 15-28. In French. Determination 
of the velocity distribution over turbine blades in- 
cluding: historical survey and general data on the 
problem of inertia coupling, derivation of general 
and simplified equations, evaluation of aerodynam- 
ic forces and aerodynamic derivatives, and gyro- 
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scopic effects of the power unit. Also presented 
are some special problems - the case of cross 
coupling, study of tail unit loads, the Phillips cri- 
teria, and the phenomena of uncontrolled roll. 
Various parameters studied cover flight, maneuver, 
and aerodynamic parameters. The case of artificial 
stabilization is also analyzed and the limitations 

of the angular velocity and control surface deflec - 
tions are defined. 


Stability & Control 


LOW-SPEED EXPERIMENTAL DETERMINA- 
TION OF THE EFFECTS OF LEADING-EDGE 
RADIUS AND PROFILE THICKNESS ON STATIC 
AND OSCILLATORY LATERAL STABILITY DE- 
RIVATIVES FOR A DELTA WING WITH 60° OF 
LEADING-EDGE SWEEP. H. S. Fletcher. US, 
NACA TN 4341, July, 1958. 45 pp. 15 refs. De- 
scription of tests on six delta-wing models in the 
Langley stability tunnel. The wings were oscil- 
lated in yaw about their vertical axes. Results in- 
dicate noticeable decreases in all the derivatives 
due to an increase in leading-edge radius at angles 
of attack above approximately 12°. Profile thick- 
ness effects are found to be small for the yawing- 
moment derivatives; however, the data show that 
an increase in profile thickness causes apprecia- 
ble increases in the combination oscillatory deriv- 
atives of rolling moment with respect to yawing 
velocity and rolling moment with respect to side- 
slip acceleration, as well as large decreases in 
the effective-dihedral parameter at angles of at- 
tack above 8°. The static derivatives of rolling 
and yawing moment with respect to sideslip C, 
and Ca, show essentially the same effects of lead- 
ing-edge radius and profile thickness as the oscil- 
latory derivatives. 


WIND-TUNNEL INVESTIGATION OF THE 
HIGH-SUBSONIC STATIC LONGITUDINAL STA- 
BILITY CHARACTERISTICS OF SEVERAL WING- 
BODY CONFIGURATIONS DESIGNED FOR HIGH 
LIFT-DRAG RATIOS AT A MACH NUMBER OF 
1.4. P. G. Fournier. US, NACA TN 4340, July, 
1958. 42 pp. Test results indicate that the use of 
wing twist provided essentially no improvement in 
maximum lift-drag ratios over that of the basic 
flat wing; however, use of a wing having both cam- 
ber and twist raised the value of the maximum lift- 
drag ratio. In general, fixing transition reduced 
the value of maximum lift-drag ratio by about 1.5 
for the test conditions, but had little effect on lon- 
gitudinal stability. Body indentation has essentially 
no effect on either longitudinal stability character- 
istics or maximum lift-drag ratios within the Mach 
Number range investigated. 


Wings & Airfoils 


DEUX METHODES DE CALCUL RHEOELEC- 
TRIQUE APPLIQUEES AUX SURFACES PORTAN- 
TES. M. Enselme. La Recherche Aéronautique, 
May-June, 1958, pp. 35-42. In French. Develop- 
ment of two methods of rheoelectric calculation 
applied to lifting surfaces. Previous investigations, 
based on the perturbation-velocity or acceleration 
potentials, performed by Malavard and Duquenne on 
the use of an electric tank are discussed. Analysis 
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covers means for overcoming the limitations of the 
previously used method by suitable design of con- 
ducting and insulating areas in the analog. Appli- 
cation and results for a constant-chord wing of 45° 
sweepback and aspect ratio 4 are described in de- 
tail. 


SPECIAL BODIES ADDED ON A WING TO RE- 
DUCE SHOCK-INDUCED BOUNDARY-LAYER SEP. 
ARATION AT HIGH SUBSONIC SPEEDS. R. T. 
Whitcomb. US, NACA TN 4293, June, 1958. 48 
pp. Investigation carried out on a relatively thick 
35° sweptback wing of aspect ratio 7.05 mounted 
on a contoured fuselage. Studies of the boundary- 
layer flow indicate that addition of the bodies re- 
sulted in a-significant lessening of the separation 
on this configuration at high subsonic Mach Num- 
bers. Marked reductions in drag were associated 
with the improved flow. For a lift coefficient of 
0.3, the added bodies reduced the drag coefficient 
by approximately 0.01 at a Mach Number of 0.92 
and increased the drag-rise Mach Number by about 
0.05. The additions also greatly reduced pitch-up 
at the lift coefficients and Mach Numbers of the 
test. With an increase in sweep of the wing to 40°, 
the effectiveness of the added bodies in improving 
the drag and pitching-moment characteristics was 
increased, 


SOME ASPECTS OF DRAG REDUCTION FOR 
LIFTING WING-BODY COMBINATIONS AT SU- 
PERSONIC SPEED. Lu Ting. Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 445 (AFOSR TN 58-423) [AD 158226], May, 
1958. 27 pp. Investigation showing that for a pris- 
matic body of rectangular cross section with given 
volume (or cross section area), mounted on amid 
wing of given span and swept back, the lift drag 
ratio of the wing-body combination with favorable 
antisymmetric modifications will be higher if the 
basic body has a lower height-width ratio. An es- 
timation of the gain or loss in the lift-drag ratio 
in the selection of one cross section's shape against 
another is given. The reduction of drag due to fa- 
vorable contouring causes little change in the fric- 
tion drag. It is shown that for the wing-body con- 
figurations studied, the effect of contouring the 
vertical surface which does not support lift will 
result in an increase of 5 to 10% in the lift-drag 
ratio. Calculations for a simple model of wing- 
body combination are made to study the effect of 
favorable interference at off-design conditions. The 
results show that for a given value of Cy, ¥ M* - 1 
the drag increases gradually as M deviates from 
the design value. 


A THEORETICAL AND EXPERIMENTAL IN- 
VESTIGATION OF THE FLOW OVER A FAMILY 
OF RECTANGULAR WINGS OF BICONVEX SEC- 
TION AT M=1.42. R.C. Lock. Gt. Brit., ARC 
R&M 3055, 1958. 43 pp. 23 refs. BIS, New York, 
$2.70. Presentation of measurements of the pres- 
sure on the upper surface of the wing, and of pres- 
sure and flow direction in the neighborhood of the 
wing tip. Direct shadow photography and observa- 
tion of surface oil patterns enabled various details 
of the flow to be visualized, The results are cor- 
related with the linearized theory and with certain 
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second-order modifications of this theory. 
found that, in general, the linearized theory pro- 
vides a sufficient approximation to the detailed flow 
only for the thinnest wing at very small incidences. 
In most cases the suggested modifications effect 

a considerable improvement. 


IDEALIZED WINGS AND WING-BODIES AT A 
MACH NUMBER OF 3. E. D. Katzen. US, NACA 
TN 4361, July, 1958. ll pp. Results of some cal- 
culations indicating the possibility of obtaining high 
lift-drag ratios at a Mach Number of 3 and descrip- 
tion of experiments designed to exploit the theory. 
The relatively high lift-drag ratios calculated are 
partly realized. A trimmed lift-drag ratio of 9 is 
obtained instead of the estimated value of ll at the 
maximum test Reynolds Number of 3.5 million. 


A FUSELAGE ADDITION TO INCREASE DRAG- 
RISE MACH NUMBER OF SUBSONIC AIRPLANES 
AT LIFTING CONDITIONS. R. T. Whitcomb. 

US, NACA TN 4290, June, 1958. 38 pp. Investi- 
gation concerning the addition of fuselage volume 

on top of the forward portion of a fuselage for the 
purpose of increasing the drag-rise Mach Number 
of subsonic airplanes at lifting conditions. The 
additions are designed on the basis of the area rule 
and other important considerations to provide great- 
er practicability of application compared with 
shapings previously investigated. The addition in- 
creased the drag-rise Mach Number by an incre- 
ment of approximately 0.03 for a configuration 
having a wing with moderate thickness and 35° 
sweepback at a lift coefficient of 0.3. The additions 
increased the nonlinearities of the variations of 
pitching moment with lift. 


AEROELASTICITY 


DEFINITIONS OF DAMPING IN AIRCRAFT 
RESPONSE. T. Czaykowski. Aircraft Eng., Aug., 
1958, pp. 227-232. Review of the usual definitions 
of damping in oscillatory modes and presentation 
of a new definition. Formulas, numerical tables, 
and graphs permit a rapid comparison between the 
different definitions. Response formulas for three 
fundamental types of disturbances are presented. 
These can be used for the derivation of various ex- 
pressions characterizing dynamic properties of 
any mode which is equivalent to a damped system 
of one degree of freedom. 


UNTERSUCHUNGEN ZUR STABILITAT NICHT- 
LINEARER ERZWUNGENER SCHWINGUNGEN VON 


EINEM FREIHEITSGRAD. G. Helke. DVL Be- 
‘ richt No. 55, May, 1958. 20 pp. Westdeutscher 
Verlag, Kéln & Opladen. In German. Investiga- 


tion of the stability of forced vibrations in nonline- 
ar systems with one degree of freedom, using 
methods derived bv Poincaré and Liapunov. 


UTILIZATION OF EXPERIMENTAL RESULTS 
IN FLUTTER ANALYSIS. Erik Mollé-Christensen 
J. Aero/Space Sci., Oct., 1958, pp. 635-643. 14 
refs. Discussion of the problem of obtaining and 
utilizing experimental data in flutter analysis. The 
equations of motion of a flexible wing in an air 
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stream are given. Two methods of approximation 
of the deflection amplitude distribution are con- 
sidered: approximation by natural modes, and ap- 
proximation by discrete ordinates. A rough meth- 
od of estimating changes in flutter speed due to 
parameter changes is outlined. Equations for a 
set of tests and their use are described. The pre- 
cision of information obtained from tests is con- 
sidered and the resulting accuracy of the flutter 
prediction discussed. 


SUPERSONIC WIND-TUNNEL FLUTTER TESTS 
OF TWO RECTANGULAR WINGS. P. R. Guyett. 
Gt. Brit., ARC R&M 3080, 1958. 15 pp. BIS, 
New York, $0.99. Description of flutter tests 
made on two rectangular wings of aspect ratio 4 in 
a supersonic wind tunnel at Mach Numbers 1.6 and 
2.0 using a technique in whicha structural stiffness 
was varied to produce flutter at the Mach Number. 
Comparative calculations were made for each test 
configuration using arbitrary modes based on the 
resonance characteristics of the wings. The cal- 
culated and experimental critical stiffnesses and 
frequencies are in reasonable agreement, though, 
in general,the former are rather higher than the 
test values. It is shown theoretically that structur- 
al damping has an important effect on the calculat- 
ed stiffnesses and frequencies for the test wings, 
and that structural damping in pitch can be destabi- 
lizing. 


WIND-TUNNEL TESTS ON THE EFFECT OF 
BODY FREEDOMS ON THE FLUTTER OF A MOD- 
EL WING CARRYING A LOCALISED MASS. D. R. 
Gaukroger and E. W. Chapple. Gt. Brit., ARC 
R&M 3081, 1958. 33 pp. BIS, New York, $2.07. 
Presentation of test results for the flutter of a 
sweptback wing carrying a localized mass and hav- 
ing symmetric and antisymmetric freedoms of the 
root. The tests were made on a model wing of 23° 
sweepback, the chordwise and the spanwise posi- 
tions of a localized mass being varied for two lo- 
calized mass values. The inertia conditions of the 
fuselage were constant and representative of full 
scale in most of the symmetric flutter tests. The 
fuselage rolling moment of inertia was varied for 
the antisymmetric tests. Results indicate that, in 
general, the symmetric flutter case is more critic- 
al than the antisymmetric for masses at outboard 
positions on the wing, but for heavy inboard masses 
the antisymmetric case may be more critical. 
Graphical representations of symmetric and anti- 
symmetric flutter are given. It appears that the 
results are too complex for predicting the effects 
of mass loading on the flutter of particular aircraft. 


AVIATION MEDICINE, SPACE MEDICINE 


UNTERSUCHUNGEN UBER DAS AUFTRETEN 
INTRAVASALER GASBLASEN NACH RASCHER 
DRUCKERNIEDRIGUNG IN ABHANGIGKEIT VON 
VASOTONUS. E. Schmitz. DVL Bericht No. 69, 
June, 1958. 23 pp. 15 refs. Westdeutscher Ver- 
lag, Kéln & Opladen. In German. Description of 
tests on albino rats performed as part of an inves- 
tigation on the occurrence of intravascular embo- 
lism after rapid decompression. Results of ex- 
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periments are presented and methods used for the 
reduction of gas content are evaluated. 


INSTRUMENTS 


Flow Measuring Devices 


EXTENDED APPLICATIONS OF HOT-WIRE 
ANEMOMETRY TO HIGH-SPEED TURBULENT 
BOUNDARY LAYERS. M. V. Morkovin and R. E, 
Phinney. Johns Hopkins U., Dept. Aero. Rep. 
(AFOSR TN 58-469) [AD 158279], June, 1958. 142 
pp. 50 refs. Application to the case of wires in 
yaw of the method of local linearization for the re- 
sponse of a general nonlinear hot-wire anemome- 
ter system when the wire is immersed in a fluctu- 
ating compressible gas. An X-probe was designed 
and used for boundary-layer measurements from 
which Reynolds stress and the energy flux can be 
obtained. The satisfactory agreement between re- 
sults of measurements with sleeved and bare wires, 
made both of tungsten and platinum-10% rhodium 
with a variety of holders, provided further veri- 
fication of the rather complicated methods of meas- 
urement and interpretation. 


DEBIMETRE A COURT TEMPS DE REPONSE., 
A. Moutet. La Recherche Aéronautique, May- 
June, 1958, pp. 13-25. In French. Description of 
experiments on a rotary type flow meter with the 
rate of rotation proportional to the flow. The ro- 
tating blades are equiped with platinum-wire in- 
serts at the tips, acting as mirrors for an electro- 
optical measuring system (rotational speed), or 
incorporate ferroxcube inserts for an electromag- 
netic measuring system. Includes description of 
various types of flow meters, as well as the meth- 
od for free-flight model application. 


MATERIALS 
Metals & Alloys 


EFFECT OF TEMPERATURE ON DYNAMIC 
MODULUS OF ELASTICITY OF SOME STRUC- 
TURAL ALLOYS. L. F. Vosteen. US, NACA TN 
4348, Aug., 1958. 19 pp. 15 refs. Determination 
of the effect of temperature on Young's modulus of 
elasticity for 2024-T3 and 7075-T6 aluminum al- 
loys, AZ31A-0 magnesium alloy, RS-120 titanium 
alloy, and type 303 stainless steel by flexural vi- 
bration tests of beam specimens at temperatures 
from room temperature to 900°F. The data show 
that the dynamic modulus decreases with temper- 
ature but does not increase as rapidly as the static 
modulus. It is shown that the difference between 
static modulus and dynamic modulus is due to in- 
ternal friction and cannot be attributed to creep. 


AN EVALUATION OF STRUCTURAL SHEET 
MATERIALS IN MISSILE APPLICATIONS, Ap- 
pendix - MECHANICAL PROPERTIES OF SHEET 
MATERIALS USED IN ANALYSIS. George Gerard. 
Jet Propulsion, Aug., 1958, pp. 511-520. 19 refs. 
Comparison of material efficiencies of various al- 
loy classes utilizing an envelope representing the 
highest mechanical properties of all commercial 
materials of a given alloy class in the temperature 
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range between room temperature and 1,200°F. The 
tension efficiencies are presented in terms of yield 
and ultimate short-time tensile strength. A mini- 

mum weight analysis is made for both stiffened and 
unstiffened circular cylinders under compression, 

The comparative efficiencies of the various mate- 

rials are then considered in terms of compressive 

yield and crippling strength, as well as for unstif- 

fened and stiffened cylinders. 


MISSILES 


ON FLIGHT TRAJECTORIES IN THE NEIGH- 
BORHOOD OF A KNOWN TRAJECTORY. R. M. 
Rosenberg. Franklin Inst. J., Aug., 1958, pp. 109- 
128. Discussion of the nominal (unperturbed) tra- 
jectory for pilotless aircraft and computation of 
trajectories for conditions neighboring on the nom- 
inal ones. The integration of the equations of mo- 
tion of the aircraft yields the correct flight trajec- 
tory only if all parameters of the problem, all func- 
tional relations implicit in the coefficients of the e- 
quations, and all initial conditions are known with 
precision. Formulas for computing trajectories 
neighboring on nominal ones are derived regard- 
less of the cause of perturbations. The perturba- 
tion equations are discussed and dealt with by con- 
sidering the time-dependent coefficients as con- 
stant during sufficiently short time intervals. The 
resulting equations yield the perturbed flight path 
under any disturbances which lie within the scope 
of the theory. 


PHYSICS 


THE CONTAINMENT OF PLASMA BY THE 
PINCH DISCHARGE. George Thomson. Philos. 
Mag., 8th Ser., Aug., 1958, pp. 886-896. Cal- 
culation of the effects relevant to the loss of heat 
by conduction from a thermonuclear device of the 
zeta type. The problem studied is that of a strong 
current flowing axially in a plasma with cylindrical 
geometry, in which the charged particles of the 
plasma will be prevented from striking the cylin- 
drical wall both by the self-magnetic field of the 
current and, in the case of positive ions, by the 
electric field due to the negative charge in the re- 
gion of the current. It is shown that in order to 
reduce the loss of heat by conduction to a value 
less than the energy generated in the discharge by 
a thermonuclear reaction in deuterium, it is nec-. 
essary either to have a magnetic field correspond- 
ing to a current of the order of a thousand million 
amps, or to have a substantial electric field, giv- 
ing a radial potential difference between the axis 
and wall of the order of 250-500 kv, together with 
currents of a few million amps. 


HIGH-ALTITUDE ATMOSPHERIC DENSITY. 

T. E. Sterne. Phys. Fluids, May-June, 1958, pp. 
165-170. 17 refs. Discussion of atmospheric den- 
sity values obtained from the motion of artificial 
satellites at altitudes between 186 and 656 kilome- 
ters. Densities inferred from satellites are higher 
than for the ARDC model of the atmosphere. These 
densities are about ten times higher than those in- 
ferred from rocket-borne ionization gages between 
186 and 230 kilometers. The inference of atmos- 
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pheric density from rocket-borne ionization gages 
is discussed critically, and densities obtained are 
considered to be inferior in reliability to the satel- 


lite densities. The latter suggest molecular scale 

temperatures higher than those of the ARDC model 
in one or more regions of altitude above 80 kilome- 
ters. 


POWER PLANTS 
Jet & Turbine 


THEORETISCHE BERECHNUNG DES BY-PASS- 
TRIEBWERKES. I - UNTERSCHALL-BEREICH. 
O. Lutz and W. Dietze. DFL Inst. Strahltriebwer- 
ke Bericht No. 64, Oct., 1956. 54 pp. ll refs. 
InGerman. Theoretical calculation of the by-pass 
engine and evaluation of its efficiency as compared 
to the pure jet. The parameters influencing the 
fuel consumption and specific thrust are investigat- 
ed and the results are presented in graphical form. 
It is shown that the optimum by-pass value lies be- 
tween 0.35 and 0.75, which can be increased with 
higher combustion chamber temperature, and that 
altitude has little effect on these values. 


Ram-Jet & Pulse-Jet 


ANALYSE SIMPLIFIEE DU FONCTIONNEMENT 
DES STATOREACTEURS MODERNES. C. Bour- 
garel. Docaéro, May,1958, pp. 55-66. InFrench. 
Survey of available data and presentation of a sim- 
plified analysis of the operation of modern ram- 
jets. The description includes design and opera- 
tional parameters: compression stage - different 
operating regimes, output and total pressure of 
supersonic air inlets, shape and location of shock 
waves, interaction between the boundary layer and 
the downstream wave, subsonic diffuser; combus- 
tion stage - characteristic values, dimensioning,. 
and problems of combustion chamber design; ex- 
pansion stage - nozzle shape, the effect ofheating, 
Mach Number, altitude, and deformation parame- 
ters, as well as thermal, operational, and struc- 
tural limitations. 


STABILIZZAZIONE DELLA FIAMMA NEI 
COMBUSTORI DEGLI AUTOREATTORI. Gaetano 
Salvatore. L'Aerotecnica, Apr., 1958, pp. lll- 
li6. ll refs. In Italian. Theoretical investigation 
of flame stabilization in ram-jet combustors by 
means of bluff bodies, and presentation of a meth- 
od for determining the possible field of stability. 
The variation of the stability curves with various 
parameters is described, the flame stabilization 
is analyzed for low and high Reynolds Numbers, 


and the causes of this behavior pattern are evalu- 
ated, 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


SHOCK-FRONT-THICKNESS MEASUREMENTS 
BY AN ELECTRON BEAM TECHNIQUE. H.N. 
Ballard and Douglas Venable. Phys. Fluids, May- 
June, 1958, pp. 225-229. 16 refs. Description of 
an electron beam densitometer for investigating the 
structure of a shock front in low-density gases. 
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The parameters measured by this technique are di- 
rectly related to those used in the accepted defini- 
tion of shock front thickness. An approximate meth- 
od of data reduction is used for treating prelimi- 
nary results. It is shown that the measured value 
of the thickness of a Mach 4 shock in argon is about 
three mean free paths, measured in terms of the 
undisturbed gas. The technique and existing appa- 
ratus would be very useful in examining relaxation 
phenomena behind shock waves. 


ROTATING WING AIRCRAFT, HELICOPTERS 


MATRIX METHOD FOR OBTAINING SPAN- 
WISE MOMENTS AND DEFLECTIONS OF TOR- 
SIONALLY RIGID ROTOR BLADES WITH ARBI- 
TRARY LOADINGS. Appendix - BASIC INTE- — 
GRATING MATRICES. A. P. Mayo. US, NACA 
TN 4304, Aug., 1958. 50 pp. Presentation of a 
method which permits solutions for cantilever, 
semirigid (teetering), and fully articulated (hinged) 
blades in both hovering and steady forward flight. 


_The effect of blade structural damping, omitted in 


other methods, is included in the present method 
which is comparatively short and does not require 
the mode shapes or natural frequencies to be known. 


HIGHER HARMONIC ROTOR CONTROL. P. R. 
Payne. Aircraft Eng., Aug., 1958, pp. 222-226. 
Study on the elimination of the retreating blade 
stall speed limitation for helicopters by means of 
an appropriately programed feathering input for . 
the general case of a rigid flapping blade with hinge 
constraint. It is concluded that second harmonic 
feathering alone will not be particularly effective 
in delaying the stall limit, but that a suitable pro- 
gram of several higher harmonic inputs will ena- 
ble the retreating blade stall limit to be pushed 
beyond the advancing blade compressibility limit. 


THE INFLUENCE OF THE WAKE ON THE 
FLUTTER AND VIBRATION OF ROTOR BLADES. 
J. P. Jones. Aero. Quart., Aug., 1958, pp. 258- 
286. Derivation of a theory which takes into ac- 
count the influence of the wake on the aerodynamic 
derivatives of an oscillating rotor blade. It is 
shown that the most important parameter is the 
number of cycles of the oscillation which occur 
during one revolution of the rotor. For integral 
values of this parameter the flexural damping is 
shown to become very small at small angles of in- 
cidence. The flutter characteristics of a simple 
rotor blade are calculated on the basis of this the- 
ory, and it is found that the wake causes radical 
changes in the critical speeds. 


WIND-TUNNEL INVESTIGATION OF EFFECTS 
OF SPOILER LOCATION, SPOILER SIZE, AND 
FUSELAGE NOSE SHAPE ON DIRECTIONAL CHAR- 
ACTERISTICS OF A MODEL OF A TANDEM-RO- 
TOR HELICOPTER FUSELAGE, J. L. Williams. 
US, NACA TN 4305, July, 1958. 44 pp. Presen- 
tation of test results showing the model to be di- 
rectionally unstable at certain positive angles of 
attack. This instability is found to result, in gen- 
eral, from a large unstable fuselage moment caus- 
ed by the potential flow pressure peaks in the vi- 
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cinity of the fuselage nose and a low tail effective- 
ness, a factor shown to be associated with the ad- 
verse effect of the fuselage sidewash on the tail. 
Substitution of a blunt nose section for the tapered 
nose section resulted in a fuselage-tail configura- 
tion which is directionally stable at all angles of 
attack except that of 30°. 


SPACE TRAVEL 


DEPARTURE AND RETURN IN INTERPLAN- 
ETARY FLIGHT. K. J. Bossart. (IAS Natl. Mid- 
west. Meeting, St. Louis, May 12-14, 1958.) Aero/ 
Space Engrg., Oct., 1958, pp. 44-52. Formula- 
tion of basic rules to achieve optimization of inter- 
planetary flight. Calculations are performed for 
hyperbolic orbits of capture or escape, as well as 
for closed orbits of convenience, either elliptic or 
circular. Transfer from elliptic closed orbits to 
a hyperbola is calculated for five different cases. 
Departure from a precessed circular orbit and a 
precessed elliptic orbit is found for the five cases. 
Methods of return to earth are discussed, and the 
best method appears to be that of a ferry vehicle 
traveling to the space-vehicle capture orbit and 
then returning to the earth. 


ASPETTI FONDAMENTALI DEI PROBLEMI 
RELATIVI ALLA CREAZIONE DI SATELLITI 
ARTIFICIALI ED ALLA NAVIGAZIONE COSMICA, 
Gelsomino Metallo. Riv. Aero., June, 1958, pp. 
873-900. In Italian. Discussion covering the bas- 
ic aspects of the problem of artificial satellites 
in relation to other celestial bodies, and celestial 
navigation. Included are such topics as trajecto- 
ries, velocities, gravity, propulsion systems, and 
space stations. Available data on the Soviet as 
well as American satellites are analyzed, and fu- 
ture possibilities are evaluated. 


LES DEUX PREMIERS SPOUTNIKS. D. Laurent. 
Docaéro, May, 1958, pp. 29-48. 16 refs. In 
French. Discussion covering the first two Soviet 
satellites, with a general survey of available sat- 
ellite data on the motion, the information obtained 
and its application, and the choice of the orbital 
plane and altitude. The specific data on Sputnik I 
and II include design and operating characteristics, 
the problem of the experimental dog, andthe launch- 
ing device. 


STRUCTURES 


LOSS OF TORSION STIFFNESS UNDER LOAD. 
Ll. E, Hackman. Aero/Space Engrg., Oct., 1958, 
pp. 53-57, 64. Development of an analytical method 
for predicting the loss of GJ. The loss of G is de- 
rived by first finding the shear and the critical 
shear stress and then combining them in a ratio in 
order to determine the percentage loss. The tor- 
sional stiffness of a section in which a loss of G 
occurred is calculated by standard closed section 
methods. Application is made to the calculation of 
rib bending losses. A comparison of test results 
with analytical predictions shows satisfactory a- 
greement within the accuracy of the tests perform- 
ed. 
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CONCENTRATED FORCE IN THE INTERIOR 
OF A TRANSVERSELY ISOTROPIC ELASTIC 


SEMI-INFINITE SPACE. Zofia Mossakowska. 
Arch. Mech. Stosowanej, No. 2, 1958, pp. 233- 


251. 12 refs. Analysis to determine the stress 
field for an isotropic semispace loaded by a con- 
centrated force in any direction and attached to 
any point inside the semispace. The plane bound- 
ing the semispace is parallel to the plane of sym- 
metry. Solutions are obtained separately for each 
of the three components of force in three different 
cases of boundary conditions. 


METHOD OF SPLIT RIGIDITIES AND ITS AP- 
PLICATION TO VARIOUS BUCKLING PROBLEMS, 
P. P. Bijlaard. US, NACA TN 4085, July, 1958. 
97 pp. 5l refs. Presentation of a comprehensive 
treatise on the method of split rigidities. The ap- 
plications are divided into problems where all 
component modes, into which the actual behavior 
of a composite structure is split, have the same 
boundary conditions and into those where these 
boundary consitions differ. Examples of the first 
type include sandwich columns with various bound- 
ary conditions, columns with batten plates, and 
latticed columns; examples of elastic and plastic 
buckling of sandwich plates with orthotropic core 
and of corrugated-core sandwich plates are also 
given. An explicit formula is derived for the 
buckling stress of stringer panels which is an ex- 
ample of the second type of problem. 


Beams & Columns 


BENDING AND VIBRATION OF ELASTICALLY 
RESTRAINED BEAMS. C. L. Kantham. Aero. 
Soc. India J., Feb.-Mar., 1958, pp. 1-5. 12 refs, 
Presentation of the values of deflection and vibra- 
tion for various values of elastic restraint and po- 
sition of load in the case of beams with a concen- 
trated load, having end conditions varying from 
clamped to simply supported edges. 


Elasticity & Plasticity 


ON THE VARIATION OF POISSON'S RATIO IN 
THE SOLUTION OF ELASTIC PROBLEMS. R. J. 
Knops. Quart. J. Mech. & Appl. Math., Aug., 
1958, pp. 326-350. 10 refs. Development of equa 
tions enabling the general solution to. be deduced 
from the known one by assuming that the solution 
to a three-dimensional elastic boundary-value prob 
lem for a particular Poisson's ratio is known. The 
known solution need not necessarily correspond to 
a real Poisson's ratio; an infinite value, for exam- 
ple, reduces the problem to one in potential theo- 
ry. Three problems are discussed to illustrate 
the method, one deals with a semi-infinite body 
with plane rigidly constranied boundary, and two 
with a solid bounded by two right circular coaxial 
cones loaded by a force acting at the common ver- 
tex in the directions along, and perpendicular to, 
the common axis. 


PLASTIC FLOW IN THE EXTRUSION OF RIBS 
ON FLAT PLATES. Wang Jen. Scientia Sinica, 
May, 1958, pp. 505-515. 19 refs. Analysis of the 
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extrusion of parallel ribs on a thin flat plate as a 
problem in the theory of plane strain for perfectly 
plastic rigid materials. It is assumed that the 
friction between the flat plate and the lower die 
surface is sufficiently large so that there is no 
slip between them. The coefficient of friction « 
between the flat plate and the upper die is taken to 
be zero or larger than 0.175, corresponding to 
free slip and no slip between these surfaces, res- 
pectively. Slip line fields and their corresponding 
hodographs and stress trajectories are found for 
different ratios of &/a (Abeing the thickness of 
the plate, and 2d the width of the rib). The pres- 
sure distributions and the average pressure for 
different reduction ratios on the upper die are giv- 
en. The results are compared to those of inverse 
extrusion. A comparison between the exact solu- 
tion derived and Dliushin's results is also made. 
The deformation of an originally square grid is 
used to show the strain distribution. 


A PLANE STRESS PROBLEM IN PIECEWISE 
LINEAR PLASTICITY. W. E. Boyce. Rensse- 


Plates 


MIXED BOUNDARY VALUE PROBLEMS FOR 
RECTILINEAR PLATES. Il. G. A, Nariboli. 
Arch. Mech. Stosowanej, No. 2, 1958, pp. 129- 


142. 12 refs. Derivation of solutions by means of 
a vortex analogy for two types of eigenvalue prob- 
lems with mixed boundary conditions. It is shown 
that the potential giving the least buckling load is 
higher than that giving the first mode of vibration. 
For right-angled triangles having a clamped side 
of the same length, the proportionate rise due to 
clamping increases with a decrease in the angle 
between the hypotenuse and the clamped side. For 
isosceles triangles on the same base, the propor- 
tionate rise increases with the decrease in angle. 
By conformal mapping on a circle, the procedure 
can also be applied to general rectilinear plates. 


A CLOSED SOLUTION IN THE CASE OF A 
SEMI-INFINITE PLATE WITH DISCONTINUOUS 
BOUNDARY CONDITIONS. Il. Artur Kacner. 
Arch. Mech. Stosowanej, No. 1, 1958, pp. 57-80. 


laer Polytech. Inst. Dept. Math. RPI MathRep. 16 
(AFOSR TN 58-629) [AD 162159], Aug. 1, 1958. 24 
pp. Analysis from a three-dimensional point of 
view of a plane stress problem, the bending of a 
rigid-plastic simply supported circular plate by a 
uniform load, using Praeger's hardening law. This 
more elaborate theory predicts displacements less 
than half as large as those obtained for the same 
loads using the two-dimensional theory. The de- 
pendence of the post-yield stresses and displace- 
ments on the magnitude of the initial yield stress 
is also examined. 


VARIATIONAL THEORY FOR FRICTIONAL 
SLIP IN THE CONTACT PLANE IN PLASTIC 
COMPRESSION. Liu Shu-i. Scientia Sinica, Apr., 
1958, pp. 413-423. Analysis treating the problem 
of plane friction in a variational manner with the 
condition of minimum frictional work as the gen- 
eral law governing the slip direction instead of the 
condition of least resistance or that of shortest 
distance. The variational law yields two different 
laws for two different types of friction lines. In 
both cases the variational law yields the invariant 
solution for the frictional stress distribution as an 
exponential form containing an unknown scale func- 
tion to be determined by plasticity analysis; one 
solution has been worked out. In the special case 
of radial extrusion, the frictional stress distribu- 
tion can be completely specified by the variational 
law alone without plasticity analysis. 


SOME IDENTITIES ON STRUCTURAL FLEXI- 
BILITY AFTER BUCKLING. E. H. Mansfield. 
Aero. Quart., Aug., 1958, pp. 300-304. Deriva- 
tion of certain identities in which the post-buckling 
flexibility of a structure having a post-buckling 
mode that varies with the load is related to the 
post-buckling flexibility of a structure constrained 
to deflect in a constant post-buckling mode. The 
identities have a useful application in determining 
the flexibility and the rate of change of flexibility 
with load at the onset of buckling. 
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Development of a method based on the reduction of 
the linear differential equation of plate bending to 
an infinite system of linear equations from which 
the Fourier coefficients of the function expressing 
the boundary conditions is determined. A special 
method for determining the functional form of a 
certain class of trigonometric series and numer- 
ical sums of infinite cylinders is also presented. 


Plates with Holes 


VARIABLY REINFORCED CIRCULAR HOLES 
IN STRESSED PLATES. Raymond Hicks. Aero. 
Quart., Feb., 1958, pp. 213-231. ll refs. Deri- 
vation of an expression for the radial, tangential, 
and shear stresses in an infinite plate containing 
a variably reinforced circular hole. The variation 
in the cross-sectional area of the reinforcement is 
chosen so that the maximum tensile resistance of 
the reinforcement occurs at points around the hole 
where the stresses in the plate tend to be high. It 
is shown that,when the reinforcement has a given 
weight, the effect of varying its cross section is 
to reduce the stress concentration in the plate. 
The following particular applied stress systems 
are considered: (a) uniform tension or compres- 
sion in one direction, (b) uniform shear, (c) une- 
qual principal stresses. 


Testing Methods 


SPANNUNGSOPTISCHE UNTERSUCHUNGEN 
VON ROTIERENDEN SCHEIBEN MIT EXZENT- 
RISCHEN BOHRUNGEN. K. Leist and J. Weber. 
DVL Bericht No. 57, Apr., 1958. 60 pp. 13 refs. 
Westdeutscher Verlag, Kéln & Opladen. In Ger- 
man. Development of a test method for the photo- 
elastic investigation of stresses in rotating turbine 
discs with excentric holes. The experimental 
techniques used to obtain the stress pattern are 
described in detail, as well as the tests on discs 
of equal thickness with two excentric holes to ex- 
amine the effect of hole dimension on stress aug- 
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Includes description of results and 
comparison to previous investigations. 


Thermal Stress 


AEROTHERMOELASTICITY. Milton Rogers. 
Aero/Space Engrg., Oct., 1958, pp. 34-43,64. 12 refs. 
Presentation and evaluation of some effects of aer- 
odynamic heating on aeroelastic phenomena, and 
discussion of the possible impact of this consider- 
ation on contemplated design practices. The prob- 
lems associated with boost-glide vehicles include 
reduction in torsional stiffness, low aspect ratio 
aerothermoelastic problem, curling of the leading 
edge, panel flutter, ablation, control surface ef- 
fectiveness and rigidity, and fuselage deformations. 
Application of model testing to the development of 
optimum theories is discussed. It is shown that 
complete simulation of all the elastic, inertial, and 
unsteady aerodynamics, as well as the heat-trans- 
fer properties of a prototype is virtually impossi- 
ble and, therefore, "restricted purpose" models 
must be employed. 


THERMAL STRESS IN CURVED BEAMS. B. A. 
Boley and E, S. Barrekette. J. Aero/Space Sci., 
Oct., 1958, pp. 627-643. Analysis of thermoelas- 
tic stresses in curved beams of constant proper- 
ties and constant cross section under temperatures 
varying in the radial direction only. Good agree- 
ment is found between stresses as calculated from 
elasticity theory and from strength-of-materials 
theory which assumes that plane sections remain 
plane. A comparison with the corresponding 
straight beam formula is also included. 


THERMAL STRESSES IN A LONG CYLINDER 
HEATED IN A DISCONTINUOUS MANNER OVER 
THE LATERAL SURFACE, Jézef Ignaczak. Arch. 
Mech. Stosowanej, No. 1, 1958, pp. 25-34. Der- 
ivation of solutions for thermal stresses in which 
the method for integrating the equations of thermo- 
elasticity is used by introducing the thermoelastic 
potential of displacement. It is concluded that the 
stresses in planes normal to the cylinder axis are 
due to the normal load. An integral representation 
of the Heisenberg delta function is obtained by us- 
ing the Fourier integral theorem. The solution of 
the problem of heat conduction and thermoelasticity 
is given in the form of a single Fourier integral. 
The stresses at infinity are determined by the be- 
havior at infinity of the temperature function. 


THERMODYNAMICS 


Heat Transfer 


HEAT TRANSFER BY LAMINAR FREE CON- 
VECTION IN ENCLOSED PLANE GAS LAYERS. 
G. Poots. Quart. J. Mech. & Appl. Math., Aug., 
1958, pp. 257-273. Presentation of a numerical 
method for solving the two simultaneous partial 
differential equations which govern the heat trans- 
mission in a closed rectangular cell having hotand 
cold walls inclined at an angle ¢ to the vertical. 
The heat transfer through the enclosed gas layer 
depends on the Rayleigh Number A, the Prandtl 
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Number o, the aspect ratio of the rectangular cell 
« , the angle of inclination ¢ of the hot and cold 
walls to the vertical, and the temperature distribu- 
tion in the border strips. Preliminary thermal 
results are given for air enclosed in a cavity having 
square cross section. A comparison of the theo- 
retical prediction of the heat transfer across the 
cell with the experimental data of Mull and Reiher 
can only be made in the region A= 10*#. Calculated 
results and empirical formulas obtained by Jakob 
agree favorably in this region. Streamlines and 
isothermals are plotted for A = 10* and clearly 
indicate the existence of an isothermal core inthe 
cavity having constant vorticity. 


VTOL & STOL 


DESIGN CONSIDERATIONS FOR BLC STOL 
AIRPLANES. F.C. Wagner. Aero/Space Engrg., 
Oct., 1958, pp. 58-64. 24 refs. Development of 
a design philosophy for high-lift BLC airplanes and 
discussion of some developmental problems. The 
effect of suction- and combined suction-blowing 
airfoils is described. Design concepts and proce- 
dures, as well as correlation of available data, 
are discussed. The flexible concept of a multiple 
cell system is suggested; its use leads to practical 
STOL BLC airplanes. A comparison of BLC sys- 
tems is made in graphical form. 


WATER-BASED AIRCRAFT 


ANALYSIS OF ACCELERATION AND WATER 
PRESSURE DATA OBTAINED ON A P5M-2 IN 
MODERATELY ROUGH WATER, I, Il - ACCEL- 
ERATION AND PRESSURE DATA. D. A. Kingand 
B. E. Phelps. Martin Rep. ER 9918, vol. I, I, 
Mar., 1958. 102; 392 pp. NavBuAer-sponsored 
presentation of flight test results for a series of 
57 landings and 54 takeoffs made over a wide range 
of gross weights in waves and swell averaging 
three-feet high. Data show that maximum ac- 
celerations during landing were greater than those 
during takeoff. The average of the maximum land- 
ing accelerations was less than half of the design 
values for the hull. Similar relationships were 
observed for water pressures, except that the av- 
erages of the maximum pressures near the keel 
were about 70% of the design pressures. Near the 
chine the proportion is about 90%. 


HYDRODYNAMIC IMPACT LOADS OF A -20° 
DEAD-RISE INVERTED-V MODEL AND COMPAR- 
ISONS WITH LOADS OF A FLAT-BOTTOM MODEL. 
P, M. Edge, Jr. US, NACA TN 4339, Aug., 1958. 
36 pp. Investigation to determine the effect of a 
negative dead-rise angle on the hydrodynamic im- 
pact loads over a range of landing conditions. Da- 
ta are presented in tables and figures as variations 
of loads and motions (in coefficient form) with time, 
trim angle, and flight-path angle. In general, the 
maximum impact loads experienced by the invert- 
ed-V model are greater than the loads which have 
been obtained for a flat-bottomed model; however, 
for severe impact conditions approaching 0° trim 
(flat impacts) a trend toward smaller loads than 
those experienced on a flat bottom is indicated. 
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(Continued from page 82) 


Guidance for the Space Age. E. W. Tooher 
and C. J. Mundo. Aero/Space Engrg., Sept., 
1958, pp. 30-33. Discussion of space guidance 
in which the nature of the system requirements is 
determined and the nature of system configura 
tions which can fulfill these requirements is es 
tablished. 


Some Effects of Wind and Temperature Gradi- 
ents on the Design of Missile Flight Control! 
Systems. M. W. Lifson. (JAS Natl. Midwestern 
Meeting, Guided Missiles, St. Louis, May 12-14 


1958.) Aero/Space Engrg., Sept., 1958, pp 
19-52. Evaluation of the effects of temperature 


and wind gradients on the Mach Number altitude 
regime of a Mach-Number-controlled aerody 
namic cruise missile. 

Electronics for Guided Missiles. G. H. Stear 
man. Aeronautics, Apr., 1958, pp. 48, 49. Sur 
vey of the problems of reliability in guided weap 
ons, 

Automatic Test Methods for Missile System 
Checkout. J. I. Davis. Auto. Control, June 
1958, pp. 18-23. Discussion of the ‘‘static’’ and 
“‘dynamic’’ missile system tests and the applica 
tion of the ‘‘open-”’ or ‘“‘closed-loop"’ testing tech 
nique. The reliability in the automatic missile 
test equipment is emphasizied. 

Support Items Total 87% of Thor Cost. Rich 
ard Sweeney. Av. Week, June 2, 1958, pp. 40, 
41, 43-45. Description of the Thor ground han 
dling equipment and discussion of maintenance op 
erations. 


Propellant Explosives Classification and the 
Effect on Field Handling of Missiles. W. F. 
Haite. (ASME-ARS Av. Conf., Dallas, Mar. 
17-20, 1958.) Jet Propulsion, July, 1958, pp 
489-491. 


Navigation 


_Navigatorul Prin Inertie. B. Ferderber. Re: 
l'ransp., Mar., 1958, pp. 136-141. In Rumanian 
Discussion of the basic principles of inertial navi- 
gation. 


Electronic Aids 


Marconi Doppler Navigator; Further Technical 
Details and a Flight Demonstration. Wireless 
World, June, 1958, pp. 260, 261. 

Can Airborne Electronics Prevent Midair 
Collisions? James Holahan. Av. Age, June; 
1958, pp. 130-134. Review of the various pro 
grfams on proximity warning and collision avoid 
ance devices, and their current status. 

Elektroniczne Wyposazenie Nowoczesnych 
Samolot6w Cywilnych. Krzysztof Kunacho 
wiez. Tech. Lotnicza, Mar., 1958, pp. 37-40. In 
Polish. Description of electronic navigation and 
communication systems for modern civil aircraft 


Traffic Control 


Air Traffic Plan Gets Green Light. Auto 
Control, Apr., 1958, pp. 24-27. Discussion cover 
ing the duties of the Air Modernization Board 
and the design of a semiautomatic data proc 
essing system to control civilian and military 
air traffic. 


_ Nonstationary Queuing Probabilities for Land- 
ing Congestion of Aircraft. H. P. Galliher and 
R. C. Wheeler. Oper. Res., Mar.-Apr., 1958, pp. 
264-275. Analysis to obtain numerical solutions 
for the transient behavior of nonstationary wait 
ing lines characterized by Poisson arrivals, con- 
stant holding time, and service in order of arrival. 

Flugsicherung. Oskar Heer. ZFW, June, 
1958, pp. 176-181. In German. Survey of the 
problems arising from air traffic control and its 
application. The organization of the air space, 
its separation into a lower and an upper region, 
and the methods of safe separation and movement 
control are explained. The technical aids for long 
and short route navigation, and for bad weather 
landing are presented. 

Airways Modernization. E. R. Quesada 
Sperryscope, 1st Quart., 1958, pp. 7-9. Discus 
sion of the organization and duties of the Airways 
Modernization Board. The beginning flight-test 
program in New York is described as are some 
areas of operational analysis. 


Nuclear Energy 


Investigation of Nuclear Disintegrations Pro- 
duced by the Charged Component of Cosmic 
Radiation. T. L. Asatiani and G. V. Khrimian 
(Zhurnal Teoret. i Exper. Fiz., Sept., 1957, pp 
516-566.) Sov. Phys.-JETP, Mar., 1958, pp 
137-440. Translation. Investigation made at 
3,200 m. above sea level of the products of nuclear 
disintegrations induced by fast charged particles of 
cosmic radiation in lead by means of a magnetic 
mass-spectrometer using a field of 6,850 oersted 
Secondary products of the disintegrations are 
also studied. 

Kalte Fusionsreaktoren und deren Verwen- 
dungsméglichkeit zum Antrieb von Raumfahrzeu- 
gen. O. Wolczek. Raketentech. & Raumfahri 
forsch., July-Sept., 1958, pp. 93-97. 12 refs 
In German. Description covering the principles 
of operation of cold atomic reactors and their pos- 
sible application to space propulsion systems. 


100 Aero/Space Engineering 


Includes a survey of various technical problems 
and necessary solutions. 


La Aplicacién de la Energia Nuclear a los Sis- 


temas Logisticos Aeronauticos. Rev. Aero., 
May, 1958, pp. 401-410. In Spanish. Discus- 
sion of the aeronautical application of nuclear 
energy, including such problems as radiation, 
shielding, and other requirements. 


Parachutes 


El Paracaidas; Su Origen, Evolucién y Estado 
Actual. T.P. Sierra. Rev. Aero., Mar., 1958, pp. 
206-213. In Spanish. Discussion of the para 
chute development and evaluation of modern 
types. 


Physics 


Note On the Forced and Damped Oscillator in 
Mechanics. E. Kerner. Can. J 
hys., Mar., 1958, pp. 371-377 


Oscillations of an Infinite Cylinder of Gas Acted 
on by Its Own Gravity and a Magnetic Field. I 
M. lavorskaia. Sov. Phys.-Doki., May-June, 
1957, pp. 273-276. Translation. 

Classical Theory of Boson Wave Fields. E. P 
Gross. Ann. Phys., May, 1958, pp. 57-74. 
AFOSR-supported study of the Hamiltonian for a 
system of bosons interacting with two body 
forces, as expressed in the formalism of second 
quantization. The properties of the classical 
wave field governed by the Hamiltonian are ex- 
amined. 


Quantum Electrodynamics at Small Distances, 
S. D. Drell. Amn. Phys., May, 1958, pp. 75-86. 
27 refs. AFOSR-supported discussion on the 
validity of quantum electrodynamics (Q.E.D.) at 
small distances in terms of present experimental 
information. 


Continuous Emission Spectra of Rare Gases in 
the Vacuum Ultraviolet Region. II—Neon and 
Helium. VY. Tanaka, A. S. Jursa, and F. J 
LeBlanc. OSA J., May, 1958, pp. 304-308. 

Some Recent Developments Concerning Free 
Radicals (A Review). G. J. Minkoff. Comb. & 
Flame, June, 1958, pp. 193-207. 117 refs. Sur- 
vey on the status of knowledge of the smaller 
radicals and atoms with emphasis on those which 
take part in combustion processes. 

The Cosmological Principle and the Cosmo- 
logical Constant. Parry Moonand D. E. Spencer. 
Franklin Inst. J., July, 1958, pp. 47-58. Presen 
tation of an approach to cosmology that isa modi 
fication of the Newtonian method supplemented 
by all experimental facts now available. 

The Heisenberg Exchange Operator for Ferro- 
magnetic and Antiferromagnetic Systems. R. 
K. Nesbet. Amn. Phys., May, 1958, pp. 87-103. 
34 refs. USAF-Army-Navy-supported analysis. 

Heisenberg’s Model of Ferro- and Antiferro- 
magnetism. Ryoichi Kikuchi. Ann. Phys., 
May, 1958, pp. 1-28. 19 refs. ONR-supported 
analysis of the Heisenberg model for various lat- 
tices. 

Problema Sverkhprovodimosti. A. A. Abriko- 
sov. AN SSSR Vestnik, Apr., 1958, pp. 30-36. 
In Russian. Discussion of the problem of super- 
conductivity, with a review of previous investiga- 
tions. 


Paramagnetic Effect in Superconductors. I 
Quasi-Paramagnetism and Resistance of Indium 
at the Superconducting Transition. II—Quasi- 
Paramagnetism in Non-Circular Cylindrical Tin 
Specimens. Yoshio Shibuya. Phys. Soc. Japan 
J., July, 1958, pp. 684-703. 21 refs. 

The Swedish Radioscientific Solar Eclips 
Expedition to Italy, 1952. S. I. Svensson, G. 
Hellgren, and O. Perers. Chalmers Tek. Hégskolas 
Handlingar, No. 181, 1956. 30 pp. 15 refs. 
Survey of ionospheric and solar noise observa- 
tions. 

Gravitational Waves in General Relativity. 
I—Cylindrical Waves. L. Marder. Royal Soc. 
London) Proc., Ser. A, Apr. 22, 1958, pp. 524- 
537. 12 refs. 


The Influence of Gravitation on the Propagation 
of Light. G. Skrotskii. Sov. Phys.-Dokl., 
May-June, 1957, pp. 226-229. Translation. 

Non-Singular Static Solutions in Bonnor’s 
Modified Generalised Theory of Gravitation. 
V. Iyengar. Istanbul U., Fen Fakilt. Mecmuasi, 
Ser. A, Apr., 1957, pp. 25-29. 

On the Nature of Gravity. L. G. Cramp 
Aeronautics, Apr., 1958, pp. 86, 89, 90, 93. Pres- 
entation of a theory on the nature of gravity. 
The concepts of “‘negative’’ weight, weight and 
acceleration, and inertia are discussed. 


Power Plants 


Contributo allo Studio della Fuido-Dinamica di 
‘*Motori ad Onde’’ Funzionanti sul Principio del 
““Comprex.’’ Dino Dini. (15th Nail. Aerotech. 
Congr., Cagliart, Sept. 25-29, 1957.) L’Aero 
tecnica, Feb., 1958, pp. 8-18. In Italian. The 
oretical investigation of the fluid dynamics of 
“wave engines’’ operating according to the ““Com- 
prex’’ principle. It is shown that the unsteady 
flow occurring in the Comprex is not a convenient 
arrangement for combination with the steady 
cycle of compressor-turbine plants. 
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Jet & Turbine 


In the Derby Tradition. J. H. Stevens. Air. 
craft (Australia), May, 1958, pp. 36-39. Descrip- 
tion of a higher powered version of the Rolls- 
Royce Dart. 


Russian Jet Engine; A Description of the 
Power Plant of the Soviet Tu-104 Aircraft. B. M. 
Miller, Jr., and R. E. Stockwell. Ordnance, May- 
June, 1958, p. 1,084. 


P-181’copter Turbine Stresses Adaptability, 
Victor DeBiasi. Av. Age, June, 1958, pp. 66-71. 


Turbojet-Engine Mechanical Design for High- 
Mach Number Flight. H.C. Schnitzer. Aero/ 
Space Engrg., Sept., 1958, pp. 35-39. Discus- 
sion of design problems in a flight regime of Mach 
4 or less, taking into account light weight, easy 
maintainability, and reliability. 


Reynolds Number Effect on Small-Engine 
Compressor Performance. F. E. Lenherr. J. 
Aero/Space Sci., Sept., 1958, pp. 597, 598. 

L’Indicazione del Consumo Specifico dei Turbo- 
getti. P. Formentini. (/5th Natl. Aerotech. 
Congr., Cagliari, Sept. 24-28, 1957.) L’ Aero- 
tecnica, Feb., 1958, pp. 39-43. Ih Italian. Dis- 
cussion on the indication of specific fuel consump- 
tion of turbojet power plants. 

Thrust Reversers for Braking Jet Aircraft. L. 
Bauger. (2nd European Aero. Congr. Proc., 
Scheveningen, Sept. 15-29, 1956.) Gt. Brit. 
MOS TIL/T4869, Mar., 1958. 21 pp. 12 refs. 
Description of the various systems of jet thrust 
reversers applied to the braking of aircraft. Re- 
search, development, practical realizations, and 
experiences in this field are discussed. 


Ram-Jet & Pulse-Jet 


Ram-Jets. R. P. Probert. (RAeS J., Mar. 
1958, pp. 151-168.) Shell Av. News, May, 1958, 
pp. 14-19. 

Ogéine Uwagi o Silniku Strumieniowym. An- 
drzej Kowalewicz. Tech. Lotnicza, Mar., 1958, 
pp. 40-44. In Polish. Survey of ram-jet power- 
plant operation, including aerodynamic and _ther- 
modynamic aspects. 


Rocket 


de Havilland Spectre Rocket Engines for the 
Vulcan and Victor Bombers. de Havilland Ga- 
settle, Apr., 1958, p. 53. Discussion on the use of 
the Spectre rocket engine as an assisted-take-off 
unit for Vulcan and Victor bombers. 


Englische Raketentriebwerke fiir Flugzeuge 
D. E. Kolle. Raketentech. & Raumfahrtforsch., 
July-Sept., 1958, pp. 101, 102. In German. 
Survey of British rocket power plants including 
the De Havilland Spectre and the Napier Double 
Scorpion. 


Some Effects of Charge Configuration in Solid 
Propellant Combustion. Leon Green, Jr. Jet 
Propulsion, July, 1958, pp. 483-485. 10 refs. 
AFOSR-supported review of reaction stability ina 
solid propellant charge, and presentation of re- 
sults of experimental tests on mean burning rates 
for various shapes of charge cavities. A star- 
shaped charge was also investigated using high 
frequency response instrumentation to determine 
the frequency of high-amplitude oscillations. 

Rocket Propulsion. A. D. Baxter. Air BP. 
No. 7, pp. 13-19. Description of the internal 
performance characteristics of the rocket motor. 
The propellants used, the requirements of motor 
design, and future speculations are discussed. 

Liquids vs Solids: $64,000 Question of Rocket 
Development. K.R. Stehling. Av. Age, June, 
1958, pp. 22, 23, 90, 91, 94, 95. Comparison of 
the two propulsion methods in terms of a specific 
rocket vehicle. 


Production 


Metody Pomiaréw w Budowie Samolotow i 
Oprzyrzadowania Produkcji. Tadeusz Wiélicki. 
Tech. Lotnicza, Mar., 1958, pp. 44-54. In Polish. 
Evaluation of measuring methods used in aircraft 
construction and production processes. 

Building the Canberra PR9; Shorts’ Design 
and Production Effort. Shorts Quart. Rev., Mar., 
1958, pp. 19-21. 

Aufbau und Fertigung der ‘‘Caravelle.’’ Luft- 
fahrttechnik, May 15, 1958, pp. 126-129. In Ger- 
man. Description of the development and tech- 
niques for the production of the Caravelle trans- 
port aircraft. 

The ‘‘Skeeter’’ in Production. Saro Prog., 
No. 1, 1958, pp. 3-6. 


Metalworking 


Some Experiments on the Shearing of Fine 
Metal Foils at Very High Speeds. B. J. Brink- 
worth. Gt. Brit. RAE TN Mech. Eng. 250, Dec., 
1957. 21 pp. 19 refs. Measurement of the 


work done in shearing fine aluminum and copper 
foils at cutting speeds up tu 120 ft./sec. The re- 
sults indicate an increase in energy to fracture 
with increasing speed up to a point at which ther- 
mal softening is believed to predominate. 
Ultrasonics Cuts Gaging Time. Ch. P. Al 
bertson. 


Av. Age, June, 1958, pp. 46-50. Ap- 
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= CALL OUT PUSS 
Improvements are constantly being made in Cannon connectors to give you 
ernal maximum reliability in circuitry under constantly increasing highly critical 
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dlications of ultrasonic measuring instruments to 
petermine the gage of integrally stiffened skins. 


Bonding of Cermet-Valve Components to 
Metals. G. M. Slaughter, P. Patriarca, and W. 
D. Manly. (AWS Annual Spring Meeling, St 
Louis, Apr. 14-18, 1958.) Welding J. Res. 
Suppl., June, 1958, pp. 249-s-254-s. Develop 
ment of specific techniques for attaching cermets 
of the cemented-carbide type to Inconel by braz 
ing for high-temperature service 


Floturn Process Used in Nose Cone Manufac- 
turing. Ind. Aeronautics, May, 1958, pp. 28, 31. 


A Designer’s Guide to the Electronic-Machin- 
ing Processes for Intricate Holes and Contours in 
Nonmachinable Materials. Frank Twitchell 
and J. R. Zimmerman. Mach. Des., June 26, 
1958, pp. 114-117. 


Behaviour Under Load of Longitudinal Fillet 
Welds in an Aluminium Alloy. G. M. Crook. 
ADA Reprint Ser. R. P. 67,1957. 7 pp. Study 
of elastic and inelastic deformations of longitu- 
dinal fillet welds. 


New Forge Welding of Aluminum and Magne- 
sium Alloys. L. A. Cook and D. G. Shafer. 
(AWS Annual Spring Meeting, St. Louis, Apr. 
14-18, 1958.) Welding J., Apr., 1958, pp. 348- 
358. 44 refs. Development of a forge-welding 
process which consists of heating the parts to be 
welded to a temperature high enough to allow uni- 
form flow of the materials without cracking. 
Welds made in high-strength aluminum alloys 
and high-strength magnesium alloys by this forge 
process have developed 95 to 100 per cent joint 
efficiencies. 


Spot Welding of Ti-6Al-4V Alloy. 
len, J. F. Rud 


R. K. No- 
y, H. Schwartzbart, and H. D. 


Kessler (AWS Annual Spring Meeting, St. 
Louis, Apr. 14-18, 1958.) Welding J. Res. 
Suppl., Apr., 1958, pp. 129-s-137-s. Develop- 


ment of a procedure for spot welding Ti-6Al-4V 
by a systematic variation of weld parameters and 
machine settings. Post-weld heat treatments and 
weld stability at service temperature under stress 
are also studied. 


The Arc Welding of Wrought Magnesium- 
Thorium Alloys. L. F. Lockwood and Paul 
Klain. (AWS Annual Spring Meeting, St. Louis, 
Apr. 14-18, 1958.) Welding J. Res Suppl., 
June, 1958, pp. 255-s-264-s. Presentation of re- 
sults of welding evaluation tests on wrought mag- 
nesium-base, thorium-containing alloys, HK31A, 
HM21XA, and HM31XA. 

Tungsten-Arc Welding of 0.002-in. and 0.005- 
in. Stainless Steel and Titanium. J. C. Collins 
and S. P. Jenkins. (AWS Annual Spring Meet- 
ing, St. Louis, Apr. 14-18, 1958.) Welding J., 
Apr., 1958, pp. 342-347. Study of thin-gage 
welding techniques to cope with the ever-increas- 
ing demands of modern aircraft industry for 
maximum strength and minimum weight in a 
welded point. The tungsten-arc welder is de- 
scribed. 

Automatic Welding of Aircraft Accessory Tur- 
bine Wheels. A. J. Rosenberg and E. W. Jami- 
son. (AWS Annual Spring Meeting, St. Louis, 
Apr. 14-18, 1958.) Welding J., Apr., 1958, pp. 
328-335. Discussion on the advantages of auto- 
matic welding of turbine wheels. The factors 
affecting porosity in automatic welding are 
studied, and a comparison between satisfactory 
and unsatisfactory welding wire is made. 


Metode de Cercetare a Arcului de Sudare $i 
Insemnatatea lor Pentru Dezvoltarea Tehnicii 
Sudarii. H.E. Weinschenk. Stud. Cerc. Stiint., 
Ser. Stiint. Teh., July-Dec., 1957, pp. 15-32. 14 
refs. In Rumanian, with summaries in French 
and Russian. Presentation of methods used for 
studying the welding arcs and their practical ap- 
plication. 


Production Engineering 


A Method of Estimating Spare-Part Essen- 
tiality. H.W.Karr. (RAN DCorp. Rep. P-1064, 
Apr. 17, 1957.) Nav. Res. Logistics Quart., Mar., 
1958, pp. 29-42. Description of a method for 
estimating space-part “‘essentiality’’ or ‘‘criti- 
cality."’ The estimates are made by collecting 
and combining the judgments of individual main- 
tenance specialists. 

Production Control for the Bristol Britannia. 
Ind. Aeronautics, May, 1958, pp. 25-27. 

Spares for Weapons Systems. L. P. Stannard. 
Aero/Space Engrg., Aug., 1958, pp. 53-56. Dis- 
cussion on the importance of spares tor weapons 
systems. Such factors as cost and profit, shelf 
life, provisioning, and spare recommendations to 
the user are also discussed. 


Les Normes Frangaises et Internationales sur 
le Contréle de la Qualité. A. Pallez. (NATO 
AGARD 6th Structures & Materials Panel, Paris, 
Nov. 4-8, 1957.) NATO AGARD Rep. 152, 
Nov., 1957. 8 pp. In French. Review of in- 
ternational standards on quality control. The 
following French standards are included: (a) 
standards of terminology relating to statistics, 
probability calculations, measurement errors, and 
measuring instruments; (b) standards relating to 
quality control. 

Dynamic Programming and the Reliability of 
Multicomponent Devices. Richard Bellman and 
Stuart Dreyfus. Oper. Res., Mar.-Apr., 1958, pp. 
200-206. Analysis to determine the type of 
components and the quantities that should be 
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used in order to construct the most reliable device 
possible, subject to given cost and weight re- 
straints 


Propeliers 
Safety Aspects in Propeller Design. de Havil 
land Gazette, Apr., 1958, pp. 47-49, 71 Descrip 


tion of safety features incorporated in the latest de 
Havilland propeller designs. An account of some 
of the problems involved in high-speed propeller- 
turbine installations is given. 

Ustranenie Raskrutki Vinta na Samolete II-14, 
V. Smolin. Grazhdanskaia Aviatsiia, Apr., 1958, 
pp. 29, 30. In Russian. Discussion of methods 
for preventing the windmilling of Il-14 propellers, 


Research, Research Facilities 


Anlagen fur die Untersuchung von Strahltrieb- 
werkselementen. W. Luksch. Luftfahrttech- 
nik, May 15, 1958, pp. 155-160. . In German. 
Description covering the design, instrumentation, 
and test program of the SNECMA power-plant 
research installation. 


“The Rocket-Engine Test Facility Sets the 
Pace. B.F. Rose, Jr. JAS Natl. Summer Meet- 
ing, Los Angeles, July 8-11, 1958, Preprint 840 
Members, $0.65; nonmembers, $1.00. 24 pp. 
Description of test facilities for the development 
of rocket-propulsion systems. The order of mag- 
nitude in which the test facility acts as a pace- 
setter is discussed. 


Production Environmental Testing. Robert 
Lusser. Environmental Quart., 2nd  Quart., 
1958, p. 14, 15, 33, 35. Discussion on the un- 
reliability of ‘production environmental testing.” 
The need for test-to-failure programs is stressed. 


_Methods of Generating High-Intensity Sound 
with Loudspeakers for Environmental Testing of 
Electronic Components Subjected to Jet and 
Missile Engine Noise. J. K. Hilliard and W. T. 
— ASA J., June, 1958, pp. 533-538. 35 
Trets. 


Environmental Endurance Testing; 
Reliability. A. S. Richardson, Jr. Environmen- 
tal Quart., 2nd Quart., 1958, pp. 8-11, 24-26. 
Discussion on the value of various tests for com- 
ponent performance reliability, including the 
influence of random environments. 


The Airframe Fatigue Laboratory; Advanced 
Equipment for Vital Research. Bristol Quart., 
Spring, 1958, pp. 192-196. 


Physical Gas Dynamics Research at the AVCO 
Research Laboratory. P. H. Rose. (NATO 
AGARD 11th Wind-Tunnel & Model-Testing 
Panel, Scheveningen, July 8-12, 1957.) NATO 
AGARD Rep. 145, July, 1957. 43 pp. 32 refs. 
Discussion of the advantages of a shock tube in 
reproducing the flow effects in the case of high- 
temperature dissociating gas. 


Key to 


Flight Testing 


Flight Loads Measurements on NACA Re- 
search Airplanes. De FE. Beeler. (NATO 
AGARD 5th Structures & Materials Panel, Copen- 
hagen, Apr. 29-May 3, 1957.) NATO AGARD 
Rep. 109, Apr.-May, 1957. 35 pp. 15 refs. 
Summary of results assessing the maneuvering 
conditions required of the aircraft and determin- 
ing the associated dynamic loading conditions for 
the maneuvers 


Target Drone Operation. Shorts Quart. Rev., 
Mar., 1958, pp. 9-12. Discussion on the use and 
operation of drone aircraft. 

‘Data Reduction for Regulus. Auto. Control, 
June, 1958, pp. 80-84. Discussion of the Chance 
Vought automic data processing facility. The 
operation and the function performed by each 
piece of equipment is described. 

Instrumentation and the New Comets. 5. C. 
Caliendi. de Havilland Gazette, Apr., 1958, pp. 
44-46. Discussion of the techniques used by the 
de Havilland instrument laboratory for taking 
measurements on the Comet. Four recording 
methods are described. 

The RCAF Approach to the Evaluation of a 
Supersonic Interceptor Armed with Air-to-Air 
Guided Missiles. A. W. Armstrong. Can 
Aero. J., June, 1958, pp. 194-199. Discussion of 
various phases of the flight test program and de- 
scription of the data acquisition and reduction 
equipment. 


Rocket Sleds, Tracks 


Techniques to Evaluate Rocket Sled Vibration. 
Jack Como. ARMA Eng., Feb.-Mar., 1958, pp 
5-10. Presentation of some of the techniques 
and theoretical considerations used in evaluating 
rocket sled vibration. 


Wind Tunnels 


Some Tests in a Slotted-Wall Tunnel with 
Various Slot-Entry Shapes. A. Chinneck. Gyr. 
Brit., ARC CP 377 (Jan. 2, 1957) 1958. 11 pp. 
BIS, New York, $0.36. Investigation on_ the 
effect of slot-entry shape on the overall accelera 
tion of the flow that occurs at supersonic speed 
when the slots are of uniform width. 
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Instability in Slotted Wall Tunnels. J. L 
King, P. Boyle, and J. B. Ogle. J. Fluid Mech 
July, 1958, pp. 283-305. Theoretical and experi 
mental investigation showing that the oscilla 
tions are hydrodynamic in origin and are associ 
ated with the slotted wall design. 


Wind-Tunnel Interference Effects on Measure- 
ments of Aerodynamic Coefficients for Oscillating 
Aerofoils. W. P. Jones. Gi. Brit., ARC R&M 
2786 (Sept., 1950) 1958. 12 pp. BIS, New York 
$0.81. Development of a theory for estimating 
the effect of wind-tunnel walls on measured 
values of aerodynamic coefficients for two-di- 
mensional airfoils. 


pore of Ramjet Engine Ground Test Facili- 
ties. D. Fasken. IAS Natl. Summer Meeting, 
Los July 8-11, 1958, Preprint 841. 
Members, $0.50; nonmembers, $0.85. 19 pp 
36 refs. Discussion which includes typical opera- 
ting envelopes for ram-jets, free-jet nozzle size 
requirements, air-supply-system design parame 
ters, economic determination of optimum air 
storage pressure, design requirements for air 
supply heater, design requirements for vitiated 
air second stage booster heater, and exhaust sys 
tem performance requirements. 


Hypersonic + go in the Aerodynamics De- 
partment Aircraft Establishment. Ap 
pendix I— on Diaphragm Shock 
Tubes. saeeeiie II ote on Combustion 
Driven Shock Tubes. Appendix III—-Some 
Methods of Evaluating Imperfect Gas Effects in 
Aerodynamic Problems. Appendix IV —De- 
velopment of the R.A.E. 6 Inch Diameter Shock 
Tube; Bursting of Diaphragms at 200 Atmos- 
pheres. P. A. Hufton and G. A. Bird. (NATO 
AGARD 11th Wind-Tunnel & Model-Testing 
Panel, Scheveningen, July 8-12, 1957.) NATO 
AGARD Rep. 146, July, 1957. 98 pp. 21 refs 

UTIA Air Duct Facility for Investigation of Vi- 
bration Noise Induced * Turbulent Flow Past a 
Panel (Boundary-Layer Noise). L. Maestrello 
UTIA TN 20, Apr., 1958. 19 pp. 

Voir le Sillage. Air Revue, May, 1958, pp 
272, 273. In French. Evaluation of flow visuali 
zation processes by smoke techniques. 


The Shock Tube as a Tool for Solid Propellant 
Ignition Research. Martin Summerfield and R 
F. McAlevy, III. Jet Propulsion, July, 1958, pp 
478-481. ONR-supported discussion of the de 
sign and operation of a shock tube being used to 
ignite a solid propellant under controlled condi 
tions in order to study the purely thermal process. 


The Shock Tunnel and Its Applications to Hy- 
personic Flight. A. Hertzberg, (NATO AG 
ARD 11th Wind-Tunnel & Model-Testing Panel, 
Scheveningen, July 8-12, 1957.) NATO AGARD 
Rep. 144, July, 1957. 32 pp. 45 refs. 

Guided Weapon Experimentation. A. R. 
Weyl. Aeronautics, Apr., 1958, pp. 97, 98, 101, 
102, 104. Discussion of research methods in 
volving the use of models in hypersonic wind and 
shock tube tunnels. 


Rotating Wing Aircraft, Helicopters 


Schnellere Hubschrauber. Hans Derschmidt. 
Flug-Revue, June, 1958, pp. 28, 30. In German 
Discussion of problems arising from an increase in 
horizontal speed and means of limiting such effects 
as flow separation and vibration of rotor blades 

Observatii cu_Privire la Calculul Stabilitatii 
Elicopterelor cu Rotor Avind Palele Prinse Elastic 
de Butuc. Ai. Marinescu. Rev. Transp., Apr., 
1958, pp. 182-185. In Rumanian. Develop- 
ment of a method for calculating at a fixed point 
the stability of helicopters with rigid coaxial ro 
tors. 

Vertolet Mi-1 i Upravlenie Im—— Posadka Verto- 
leta. R. Kaprelian. Kryl’ia Rodiny, Apr., 
1958, pp. 20-22. In Russian. Discussion of 
various landing techniques for the Soviet Mi-! 
helicopter. 

The MI-6—The Largest and Heaviest Helicop- 
ter in the World. L.R.Lucassen. AHS News- 
letter, June, 1958, p.6. Discussion including some 
performance characteristics of the MI-6. 

Sikorsky Turbine-Powered S-62. Berry. 
Am. Helicopter, May, 1958, pp. 6,7, 10, 1 

Kaman K-17 Cold Cycle Pressure Jet ea 
Flight Status. AHS Newsletter, June, 1958, pp. 
2-4. Description of design characteristics and 
operation of the K-17. 

Gas Turbines and the Helicopter; A Review of 
the Fundamentals Involved. Bristol Quart., 
Spring, 1958, pp. 188-190. 

Uber den Einfluss der Prandtl-Regel bei der 
Berechnung der von einem Hubschrauber-Rotor 
erzeugten Krafte. Gerhard Briining. 2nd 
Europ. Aero. Congr. Proc., Scheveningen, Sept. 
25-29, 1956, Paper. 9 pp. In German. Dis- 
cussion covering the influence of the Prandtl rule 
in the calculation of forces generated by a helicop- 
ter rotor. 


Space Travel 


Outlook to Space Travel. Ernst Stuhlinger 
Space J., Fall, 1957, pp. 17-27. Discussion of 
such determinant factors of a space ship for a 
round trip to Mars as: the material best suited 
for the propellant, the structural design, and the 
flight path of the ship. 
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Astroaautics—Science of Space Exploration; 
An Introduction and Summary of Progress. G. 
D. Watson. Can. Aero. J., June, 1958, pp. 185 
193. 33 refs 


Some Future Astronautical Considerations. 
Hermann Oberth. Space J., Fall, 1957, pp. 14-16. 
Description of future earth satellite configurations. 
The effect of cosmic rays in determining the shape 
of the satellite is discussed 


Research in Outer Space; The Basic Ob- 
jectives of a Continuing Program of Satellite Re- 
search Are Outlined. Science, Apr. 11, 1958, pp. 
793-802 

X-15. Avia Vliegwereld, May 22, 1958, pp. 
284, 285. In Dutch. Discussion covering the 
structural and performance data of the X-15 re- 
search aircraft, as well as future possibilities. 


X-15: The First Manned Space Craft Takes 
Form at the Los Angeles Plant. Skyline, Spring, 
1958, pp. 14-16, 18, 22, 23. Discussion of the de- 
velopment of the rocket- propelled research air 
craft, and presentation of some design details. 


The Masses of the Stars. D. M. Popper. 
Space J., Fall, 1957, pp. 28-31. Determination 
of the masses of stars through gravitational at- 
traction. The visual and the spectroscopic bi- 
nary systems are described. 


Life on Other Stars. I. Ernst Stuhlinger. 
Space J., Spring, 1958, pp. 10-16. Discussion of 
some theories on the creation of the Sun's plane- 
tary system. 


New Engineering Regime: Orbit Mechanics. 
K. E. Gray. Av. Age, June, 1958, pp. 174-178, 
180, 181. Discussion of the fundamental princi- 
ples of orbit mechanics. 


Communication and Navigation. 
Castruccio. Westinghouse Engr., May, 
1958, pp. 88-92. Description of some possible 
techniques for space navigation and communica- 
tions. Some problems discussed include: (1) 
navigational guidance, involving determination 
of ship position and direction of travel; (2) ship- 
to-base communications; (3) ship-to-ship com- 
munications; (4) anticollision means; and (5) 
planetary mapping from a planet-circling ship. 


Temperatures of a Close Earth Satellite Due to 
Solar and Terrestrial Heating. H. Wilson, 
Jr. Science, Apr. 11, 1958, pp. 811, 812. 


U. S. Satellites (Failure and Success), Artificial 
Meteors and Project Farside. Frank Pollard. 
Spaceflight, Apr., 1958, pp. 231-237. 13 refs. 


Programma Zapuska Sputni- 
kov v SSHA. Radio, Apr., 1958, 37. In 
Russian. Brief survey of the Pte Go satellite 
program, including details of their instrumenta- 
tion, 


Die Messatelliten Explorer III und Sputnik 
III. D. E. K@lle. Raketentech. & Raumfahrt- 
forsch., July-Sept., 1958, pp. 102, 103. In Ger- 
man. Description of the Explorer III and Sput- 
nik III research satellites. 


Los Satéllites Artificiales, Instrumento Mete- 
orolégico. P.R.Garcia-Prieto. Rev. Aero., Apr., 
1958, pp. 270-278. In Spanish. Discussion of 
the role of artificial satellites as meteorological 
instruments and survey of previous sounding 
methods, 


Satellite Periods and the Gravitational Con- 
stant. E. W. Woolard. Space J., Fall, 1957, pp. 
32-37. Discussion of the methods used to deter- 
mine the constant of gravitation. The advan- 
tages of converting the Gaussian constant are de- 
scribed. 


Alcuni Problemi sullo Sviluppo dei Razzi. 
Glauco Partel. Tec. /tal., Jan.-Feb., 1956. 6 
pp. 10 refs. Reprint. In Italian. Review of 
the dynamics of satellite vehicles, including the 
orbital and characteristic velocity, gravitational 
acceleration, and orbital energy, presentation of 
criteria for the selection of propellant mixtures, 
and illustration of the relation between the nozzle 
end section and the throat section. 


Structures 


The Critical Load of Rectangular Frames An- 
alysed by Convergence Methods. Sven Hansbo. 
Chalmers Tek. égskolas Handlingar, No. 179, 
1956. 47 pp. 46 refs. 


The Aircraft Structural Factor of Safety. G. 
N. Mangurian. (NATO AGARD 6th Structures 
& Materials Panel, Paris, Nov. 4-8, 1957.) 
NATO AGARD Rep. 154, Nov., 1957. 24 p 
Review of the value given to the aircraft ctenehened 
factor of safety. Design aspects, wherein a re- 
duction in the presently required ultimate factor 
of safety is realistic, are presented. 


Reflexions Générales sur la Sécurité des Ma- 
tériaux et des Structures. E.M. Prot. (NATO 
AGARD 6th Structures & Materials Panel, Paris, 
Nov. 4-8, 1957.) NATO AGARD Rep. 151, 
Nov., 1957. 11 pp. 37 refs. In French. Dis- 
cussion on the safety of materials, the organization 
of tests, and the choice of a safety factor. 


Some Effects of Curvature on Frames. R. 
W. Westrup and Philip Silver. (JAS 26th An- 
nual Meeting, New York, Jan. 27-30, 1958, Pre- 
or a J. Aero/Space Sci., Sept., 1958, pp. 
567-572. 
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Bars & Rods 


Comparison of Theoretical and Empirical Re- 
lations Between the Shear Modulus and Torsiona} 
Resonance Frequencies for Bars of Rectangular 
Cross Section. Sam Spinner and R. C. Valore, 
Jr. J. Res., May, 1958, pp. 459-464. Experi 
mental evaluation of the relations between the 
modulus of elasticity in shear and the fundamenta| 
torsional resonance frequency, mass, and dimen. 
sions for bars of rectangular cross section. 


Beams & Columns 


Torsion of Curved Beams of Rectangular ae 
Section Having Transverse Isotropy. P. 
Chattarji. ZAMM, Mar.-Apr., 1958, pp. 18m 
159. 


Finding Defiections of Arched Cantilever 
Beams with Graphical Aids. Alexander Blake, 
Mach. Des., June 26, 1958, pp. 127-130. 


Plastic Behaviour of Compression Members. 
J. S. Ellis. J. Mech. & Phys. Solids, July, 1958, 
pp. 282-300. 15 refs. Theoretical and experi- 
mental investigation of the plastic behavior of 
mild steel compression members of an annular 
cross section when subjected to end loads of equal 
and unequal end eccentricities. 


Cylinders & Shells 


Behaviour of Thick-Walled Cylinders re 
to Internal Pressure. B. Crossland and J. A 
Bones. Chartered Mech. Engr., May, 1958, pp. 
189-191. Abridged. 


Differential Equations for Cylindrical Shells 
with Arbitrary Temperature Distribution. P. P. 
gro J. Aero/Space Sci., Sept., 1958, pp. 
594, 595. 


Elasticity & Plasticity 


A Modification of Taylor’s Method for Calculat- 
ing the Plastic Stress-Strain Relation in Face- 
Centred Cubic Crystals. H. Payne, S. J. Czy 
zak, J. H. Greiner, and T. H. Lin. J. Mech. b 
Phys. Solids, July, 1958, pp. 314-320. AFOSR- 
supported study. 


Kryteria Stuszno$ci Przyjmowanych Schema- 
tow Stanu Naprezenia. Zenobiusz Klebowski. 
Arch. Budowy Maszyn, No. 1, 1958, pp. 3-18. 
21 refs. In Polish, with summaries in English 
and Russian. Evaluation of the correctness cri- 
teria of stress distribution schemes. 


Internal Friction in Solid Bodies. II—Thermal 
Damping of Flexural Oscillations. K. Benne- 
witz and H. Roetger. (Z. Tech. Phys., No. 19, 
1938, pp. 521-526.) Gt. Brit., RAE Lib. Transl. 
725, Apr., 1958. 11 pp. 


aie? Effects in the Deformation of Single Crys- 
Is. L. Fleischer and B. Chalmers. J. 
Mech. ; Phys. Solids, July, 1958, pp. 307-313. 
13 refs. 


Single Crystal Lattice Rotation ej Com- 
pression. R. L. Fleischer. J. Mech. & Phys. 
Solids, July, 1958, pp. 301-306. Inv estigation 
showing that lattice rotation during compression 
of a single crystal can be the reverse of that ob- 
served in tension, rather than the slip-plane rota- 
tion predicted and observed by Taylor. 


Plates 


Inequalities for Eigenvalues of Supported and 
Free Plates. L.E. Payne. Quart. Appl. Mat 
July, 1958, pp. 111-120. 15 refs. AFOSR-sup- 
ported study of certain “‘isoperimetric’’ inequalities 
for the eigenvalues in the classical vibration and 
buckling problems of supported and free plates. 


Elastic Bending of Circular Plates with Eccen- 
tric Holes; Application of the Method of Inver- 
sion. W. Olszak and Z. Mréz. Acad. Pol. Sci. 
Bul., Tech. Sci. Ser., No. 2, 1958, pp. 81-98. 14 
refs. 


Computation of Influence Surfaces for Aniso- 
tropic Plates with Finite Dimensions by Means of 
Polynomials. M. Suchar. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., No. 2, 1958, pp. 57-62. 10 refs. 


Sandwich Construction 


Flugwerke in Honigwaben-Bauweise— Festig- 
keit und Herstellung. Geogres Ricard. Luft- 
fahrttechnik, May 15, 1958, pp. 131-135. 
man. Developmental survey of the sandwich 
construction research, with details on strength 
and weight aspects. 


Testing Methods 


New Techniques in Photoelasticity. Jarle 
Holen and E. Trend in Eng., Apt., 
1958, pp. 10-16, Investigation of the possi- 
bilities of fringe Ft a and fringe multiplica- 
tion in photoelasticity. 


Component Fatigue Testing. Shorts Quart. 
Rev., Mar., 1958, pp. 13-15. Description of the 
main ieabsues of equipment used for component 
fatigue testing. 
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A Tensile Strut Vg. 2 Machine. H. Fessler. 
RAeS J., July, 1958, p. 528 


An Snweatigniion of Plastic Stress-Strain Re- 


lationships Using Grooved Tensile Specimens. 
J. P. Ellington. J. Mech. & Phys. Solids, July, 
1958, pp. 276-281. Application of a method sug- 

ed by Hill for straining grooved tensile speci- 
mens to find the plastic potentials of thoroughly 
annealed copper and brass. 


S Pomoshch’iu Radioaktivnykh Izotopov. G. 
Tafapol’skii. Grazhdanskaia Aviatsiia, May, 
1958, pp. 26, 27. In Russian. Evaluation of 
various methods for structural testing and main- 
tenance inspection, and description of the gamma- 
radiation technique. 


Pressure Fatigue Test 
Program Lockheed 130A Hercules. D. S. 
Morcock. Can. Aero. J., June, 1958, pp. 180-184. 
Discussion of the test procedure and description of 
the test set-up. The results of 10,000 simulated 
flights are presented. 


Thermal Stress 


Thermal Stresses in Design. I—Appraisal of 
Brittle Materials. II—Quantitative Techniques 
for Brittle Materials. S. S. Manson. Mach. 
Des., June 12; 26, 1958, pp. 114-120; 99-103. 
Discussion on failure criteria, thermal shock in 
flat plates, and thermal- shock parameters in 
brittle materials. Methods for the measurement 
of thermal shock parameters and determination 
of short-duration thermal shock are presented. 


Problemas Térmicos a Velocidades peed 
nicas. I1I—-Materiales y Estructuras. J. 
Gomez. Rev. Aero., May, 1958, pp. 374-386. Si 
refs. In Spanish. Discussion of thermal prob- 
lems due to supersonic velocities, covering prop- 
erties of light alloys at various temperatures and 
structural effects. 

Simplified Equations for Transient Heat-Con- 
duction to Insulated Metal Slab. iegand. 
Jet Propulsion, July, 1958, pp. 486, 487. 

Regularities in Creep pat Hot-Fatigue Data. 
I. A. Graham and K. F. Walles. Gi. Brit., 
ARC CP 379 7, 1956) A058 26 pp. BIS, 
New York, $0. 


Thermodynamics 


Combustion 


Tenth Quarterly Technical Status Report on 
Non-Stationary Surface Combustion Studies 
as the Period from 15 Dec. to 15 Mar 

R. J. Magnus. ADC Rep. 410/R- 13/34, 
1988 4 pp. USAF-sponsored investigation. 


Separation of the Products of Cool Flame Oxi- 
dation of Propane. C. R. Yokley and R. E. 
Ferguson. Comb. & Flame, June, 1958, pp. 117— 
128. AFOSR-supported study applying the tech- 
niques of gas chromatography and low tempera- 
ture, low-pressure distillation to the problem of. 
the separation and isolation of the major products 
of cool flame oxidation of propane. 


Spectrographic Investigation of a Cordite 
Flame at High Pressures. G. A. Heath. Git. 
Brit., RAE TN R.P.D. 161, Dec., 1957. 22 pp. 
17 refs. Measurements showing that the intense 
brightness of the final reaction zone is due to con- 
tinuous radiation from carbon particles. From 
quantitative intensity measurements the tem- 
perature of the explosion zone at all pressures was 
found to be 2,350°K., which is less than the theo- 
retical value assuming no loss of heat by radiation. 

Effect of Pressure on Turbulent Burning Veloc- 

~ B. Fine. Comb. & Flame, June, 1958, pp. 
109-116. 14 refs. Measurement of turbulent 
burning velocities for three fuel-oxidant systems 
over a range of pressures at nearly constant Reyn- 
olds Numbers. The results disagree with usual 
concepts of turbulent combustion. 

Investigations on the Inflammability Ranges of 
Methane-Air and Butane-Air Mixtures Ignited 
by Electric Sparks. Gistle Dalmai. Comb. & 
Flame, June, 1958, pp. 171-180. Discussion 
giving a tentative explanation of the two-lobed 
shape of the inflammability ranges of a number of 
hydrocarbons. 


Heat Transfer 
Prismatic Fin with Non-Linear Heat Loss An- 


alysed by Resistance Network and Iterative An- 
alogue Computer. I. C. Hutcheon and D. B. 


+ 


Spalding. Brit. J. Appl. Phys., May, 1958, pp. 
185-191. Analysis of heat flow by natural con- 
vection from a fin of uniform conductivity and 
cross-sectional area, fixed at one end to a hot wall 
and immersed in a cooler fluid 


A Free any Value Problem for the Heat 
Equation. W. L. Miranker. Quart. Appl. 
Math., July, 1958, pp. 121-130. Presentation ofa 
proof on the existence of a solution for a free 
boundary problem by demonstrating the existence 
of a solution to a nonlinear integrodifferential 
equation. 


VTOL & STOL 


VTOL Research Progress. Shorts Quart. 
Rev., Mar., 1958, pp. 2-4. Discussion of SC.I 
gantry trials. A description of the structure and 
the function of the gantry is also made. 


The Handling Qualities of VTOL Aircraft at 
Low Speed. P. F. Girard. IAS Natl. Summer 
Meeting, Los Angeles, July 8-11, 1958, Preprint 
843. Members, $0.35; nonmembers, $0.75. 
8 pp. Discussion of the major aspects of the 
principal handling qualities, piloting techniques, 
and human factors of VTOL aircraft in hovering 
and transitional flights. 


Les Avions Breguet a Décollage Court. L’ Air, 
June, 1958, p. 33. In French. Design and per- 
“aes characteristics of the Breguet STOL ait- 
craft 


Betrachtungen zum _ selbsttragenden Stau- 
strahltriebwerk. Wilhelm Seibold. Luftfahrt- 
technik, May 15, 1958, pp. 141-143. In German. 
Evaluation of ram- jet propulsion systems, includ- 
ing the economic aspects, and discussion of their 
application to unfinned vehicles, as well as details 
on Coleopter systems. 


Water-Based Aircraft 


Flight Investigation of Some Airworthiness 
Problems of Civil Boat Seaplanes. J. Taylor, J. 
E. Allen, and A. G. Smith. Gt. Brii., ARC 
R&M 3017 (Feb., 1955) 1958. 57 pp. 17 refs. 
BIS, New York, $3.60. Investigation of the 
measurement, control, and performance problems 
associated with seaplane take-off and initial climb. 


THE OF FNER ALL TRANSISTOR 


... 4 direct-writing oscillograph with unmatched 
features of superiority! 


High Sensitivity: | microvolt d-c per mm 

High Frequency Response: 0-150 cps —+10% 
Large Linear Deflection: over 6 cm —!4% linearity 
Wide Ambient Range: —20°C to 50°C 
Versatile: d-c, a-c, carrier, all with one set of amplifiers 
Convenient: Plug-in input couplers for all bridge balancing 
Stable: Drift—1 yv per hour at maximum sensitivity 


Recording Media Readily Interchangeable: Heat, Elec- 
tric, Ink; Rectilinear, Curvilinear 


Compact: Eight channels in only 3344” of rack space 


OFFNER ELECTRONICS INC. 


TYPE DYNOGRAPH 


Whatever your requirements for direct- 
writing oscillographic recording ... investi- 
gate the ability of the Offner Type R 
Dynograph to do the job better and more 


simply. Write on your company letterhead 


3932 River Road, Schiller Park, Ill. (suburb of Chicago) 
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for descriptive literature and complete 
specifications. 
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Advanced missile and 


space projects | .' 
require Engineers and ov 
Scientists to work on| % 


THE FRONTIERS OF SPACHT. 


Lockheed Missile Systems Division, recently honored at the first National EN! 
Missile Industry Conference as “the organization that contributed most The 
in the past year to the development of the art of missiles and astronautics’ | ™® 
beir 

holds such important, long-term projects as: the Navy Polaris IRBM, the 
Earth Satellite, Army Kingfisher target missile, and the I 
Air Force X-7 ramjet test vehicle. cap 
To carry out such complex projects, the frontiers of technology in all mai 
areas must be expanded. Responsible positions in our research and = 


development laboratories and in our project organizations are available 
now for high-level engineers and scientists. 

If you are experienced in physics, mathematics, chemistry or one of th 
engineering sciences, your inquiry is invited. Please write Research and flor 
Development Staff, Sunnyvale 3, California. (For the convenience of thos} be 
living in the East and Midwest, offices are maintained at Suite 745, 
405 Lexington Ave., New York 17, and at Suite 300, 840 N. Michigan 
Ave., Chicago 11.) 
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FLIGHT IN THREE MEDIUMS 

Several things set the Polaris apart from other 

outer space weapons in the ballistic missile category, 

for the Polaris program involves a wholly new 

concept of weaponry: 

1. It will be dispatched from beneath the surface 
of the sea. 

2. It will be radically smaller than currently 
developed land-launched missiles, yet its payload 
will be as effective and its range the same as 
other IRBMs. 

3. It will be the first operational outer space missile 
to employ solid fuel as a propellant. 

4, It will travel through three mediums in a single 
flight: water, air, outer space. 

5. Its launching base—a submarine—is not fixed but 
a mobile vehicle. 


OUTER SPACE PROGRAM 
Very little can be said about the Earth Satellite pro- 
gram at this time except that its success will necessitate 
advancing the state of the art in all sciences. 

The Earth Satellite Project is perhaps the most 
sophisticated outer space program to reach the 
“hardware” stage in the U.S. today. 


TECHNOLOGY 


ENEMY SIMULATOR 

The Kingfisher is the nation’s fastest target 

missile, developed for the Air Force and currently 
being manufactured for the Army to test 

the accuracy of our newest supersonic weapons. 

It is a ramjet target vehicle with Mach 2-plus 
capabilities. The Kingfisher not only has the speed to 
match the defensive missiles, but can also simulate a 
vast array of supersonic enemy missiles and airplanes 
attacking from great height. It is instrumented 
to score near misses and even theoretical hits without 
itself being destroyed. 

It is recoverable from flight by parachute to be 
flown again, permitting weapon system evaluation to 
be conducted at greatly reduced cost. 


Lockheed 


MISSILE SYSTEMS DIVISION 


SUNNYVALE + PALO ALTO + VAN NUYS + SANTA CRUZ 
COOKE AIR FORCE BASE, CALIFORNIA 
CAPE CANAVERAL, FLORIDA +» ALAMOGORDO, NEW MEXICO 


~ BY @ 


IAS News (Continued from page 29) 


25 Convair 600 with G-E aft-fan CJ805-21 
engines. American will lease the engines 
for the aircraft in both cases, the announce- 
ment said. Vice-President Willis Player 
has been named to head the Public Re- 
lations Department. 


© Beech Aircraft Corp. reports that its MS 
760 twin-jet business plane has become 
“the world’s first turbojet aircraft to re- 
ceive a CAA Type Certificate (No. 
7A3).”" Beech also announced the ap- 
pointment of R. H. Owen to Manager of a 
newly formed Manufacturing Engineering 
Division at Wichita, Kan. 

@ Bell Aircraft Corp. reports that its auto- 
matic all-weather landing system has 
landed a Boeing 707 prototype without any 
pilot assistance. Stephen B. Elggren, a 
former Assistant Vice-President, has re- 
turned to the firm in the newly created post 
of Sales Manager, Niagara Frontier Divi- 
sion. 

e@ Boeing Airplane Co. has formed a new 
unit in the Systems Management Office— 
designated the Advanced Project Proposal 
Team—headed by T. A. Wilson, formerly 
B-52 Engineering Project Manager, Seattle 
Division. He will plan, organize, and 
manage all activities dealing with prepara- 
tion of a proposal for a new weapon system 
project, the firm said. D. E. Graves and 
I. W. Nealon have been named to assist 
him. The firm also announced that it has 
installed an IBM “‘random access method 
of accounting and control” (RAMAC) ma- 
chine to help process orders for replace- 
ment parts for 707 and 720 aircraft. 


@ Chance Vought Aircraft, Inc., has formed 
an Antisubmarine Warfare Engineering 
Task Force of seven groups headed by 
Vice-Adm. Harry Sanders, USN (Ret.). 
The groups are Systems Analysis, Detec- 
tion, Missiles, Aircraft, Research and De- 
velopment, Nuclear Propulsion, and Mili- 


Chance Vought Aircraft calls its Crusader Ill (F8U-3) an all-weather “push-button” fighter capable of 
Mach 2 speed. Ventral fins on the lower fuselage cycle into a horizontal position for landings and 
take-offs, according to the firm. A Pratt & Whitney J-75 engine, 26,000 Ibs. thrust with afterburner, 
powers the Navy fighter. This photo shows the aircraft carrying Sparrow Ill missiles. 


tary Liaison. In addition, the company 
has also formed a new Electronics De- 
partment with James F. Reagan, former 
senior staff member, Ramo-Wooldridge 
Space Technology Laboratories, as Chief 
Engineer in charge of the department. 


® Cornell Aeronautical Laboratory, Inc., 
has announced that it will investigate ways 
to advance techniques of photographic re- 
connaissance from space vehicles for the 
Air Force. 

® Douglas Aircraft Co., Inc., has an- 
nounced plans for a $10 million wind-tun- 
nel center, capable of testing vehicles de- 
signed to travel more than 8,000 m.p.h., 
on a 10-acre site on W. El Segundo Blvd., 
El Segundo, Calif. The firm also an- 
nounced the appointment of W. G. Doran 
as Director of Materiel. 

e Edo Corp. reports that its Airborne 
Loran for jet aircraft has been ordered by 


North American's A3J Vigilante, shown on its first flight, is powered by two General 
Electric J79-2 engines of 15,000 Ibs. thrust each. Approximate dimensions: wing span, 
50 ft.; length, 70 ft.; height, 20 ft. The firm describes the plane as a supersonic all- 
weather carrier-based attack weapon system, which can deliver conventional and nuclear 
weapons at high or low altitudes. Bomb delivery is by rearward ejection from linear 
bomb bay, in effect a tunnel, running lengthwise in the aft section of the fuselage. The 
plane also uses boundary-layer control for low-speed landings. 
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three additional 
Sabena, and KLM. 


@ Fairchild Camera and Instrument Corp. 
has announced the appointment of Charles 
Vickery as Manager, Los Angeles market- 
ing office, Defense Products Division. 


airlines—Air France 


General Dynamics Corp... Convair 
Division has announced the appointment 
of R. B. Swanson as General Manager, 
Washington Office, and Assistant to Vice- 
President T. G. Lanphier, Jr. E. J. 
LeFevre has been named Manager, Air 
Force, in the Washington office. David 
Rowland was named Manager, Army, 
Washington office, and J. P. Shaw, current 
Manager, Navy, was given additional 
duties as Assistant General Manager, 
Washington. E. F. Jones, Assistant to the 
Vice-President, will direct Convair public 
relations in the East. In other changes, 
W. C. Keller has been assigned to the Gen- 
eral Offices military relations staff, and 
Rex W. Warden, Chief Pilot at Convair’s 
Palmdale facility, has been assigned to the 
office in Colorado Springs as Assistant to 
the Manager there. Three other Convair 
executives assigned to new positions are 
A. P. Higgins, Assistant to the Division 
Manager—tnilitary relations; 
Famme, Works Manager, Plant Two; and 
W. W. Fox, Assistant Chief Engineer. 
Harold N. May, General Purchasing 
Agent, has retired.... Stromberg-Carl- 
son Division has announced the appoint- 
ment of Brig. Gen. William L. Bayer, 
USA (Ret.), as Director, Planning, Elec- 
tronics Division. 


@ General Electric Co. has appointed 
Robert D. Knies Manager, Manufactur- 
ing, Commercial Engine Operation, Even- 
dale,Ohio. The company also announced 
that its J93 jet engine has been selected 
by the Air Force to power the North 
American B-70 and F-108. 


e@ General Precision Equipment Corp.... 
General Precision Laboratory, Inc., has 
announced the appointment of Edward M. 
Lisowski as Sales Representative in 
Dayton, Ohio. 


e Grumman Aircraft Engineering Corp. 
reports that an IBM 704 Data Processing 
System has been installed at its Bethpage, 
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An invitation 
to 
senior scientists 
and 
engineers 


A $14,000,000 R & D Center, 
housing 9 new laboratories, was 
revealed as core of Republic’s 
$35,000,000 Research and 
Development Program at recent 
announcement by Mundy I. Peale, 
President, and Alexander Kartvell, 
Vice-President for Research 

and Development. 


.... 10 join Republic Aviation’s new 
$35 million Research and Development Program 
for spacecraft, missiles and advanced aircraft 


In announcing Republic’s $35 million research and development program, designed to arrive 
at major breakthroughs in the aviation industry’s transition to astronautics, Mundy I. Peale, 


President, set the following objectives: 


“... ACCELERATION OF PROJECTS ALREADY UNDER WAY AT REPUBLIC 

ON LUNAR PROGRAM FOR MANNED SPACE VEHICLES, AND MISSILES 
\ TO DESTROY ORBITING WEAPONS, AND INITIATION OF INVESTIGATIONS 

LEADING TO NEW CONCEPTS FOR INTERPLANETARY TRAVEL.” 


“ . RADICAL NEW FAMILIES OF LONG-RANGE AIR-TO-AIR MISSILES AND 
AIR-TO-SURFACE BALLISTIC MISSILES FOR STRATEGIC AND TACTICAL 


AIRCRAFT.” 


VERTICAL TAKE-OFF FIGHTER-BOMBERS, HIGH-MACH FIGHTER- 
BOMBERS, AND SUPERSONIC TRANSPORTS.” 


Alexander Kartveli, Vice-President for Research and Development, emphasized that Republic’s 
program “will not duplicate in any way investigatory work currently in progress elsewhere, 
but will stress novel concepts and new approaches to basic problems of missiles and space 


technology.” 


The program includes construction of a $14 million R & D center to house 9 new laboratories, 
and anticipates doubling the present research staff. 


Senior men interested in the new possibilities created by a-simultaneous exploration of all 
aspects of Flight Technology are invited to study the functions of the new laboratories for 


more detailed information: 


SPACE ENVIRONMENTAL DEVELOPMENT LABORATORY 
To simulate space flight conditions and test missile, satellite 


and spacecraft systems and components; investigate human - 


engineering problems. 

RE-ENTRY SIMULATION & AERODYNAMIC LABORATORY 

To study hypersonic shock dynamics, real gas effects, heat 
transfer phenomena and magnetohydrodynamics. 

MATERIALS DEVELOPMENT LABORATORY 

Study effects of high velocity, temperature, and space environ- 
ment on materials for spacecraft, missiles and advanced weapons. 
GUIDANCE & CONTROL SYSTEM DEVELOPMENT LABORATORY 

To develop and test guidance and control systems for space- 
craft, missiles and aircrait. 


ELECTRONICS DEVELOPMENT LABORATORY 
Study and explore all problems connected with highly special- 
ized, complex electronic syst required for ad d forms 


of spacecraft, missiles and aircraft. 


ADVANCED FLUID SYSTEMS DEVELOPMENT LABORATORY 

To develop and test fluid power systems for spacecraft and 
missiles capable of operation under extremely high tempera- 
ture, high pressure conditions, 


MANUFACTURING RESEARCH & DEVELOPMENT LABORATORIES 

To develop advanced manufacturing processes and techniques 
for materials used in missiles and spacecraft. Laboratories for 
each of the following areas.: Non-Metallics, Metallics, Welding. 


Qualified men are invited to write directly to: 


A. Kartveli, Vice President, Research and Development 


STEP 
FARMINGDALE, IsLanD, NEw YORK 
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How to keep abreast of 
personalities and thinking in the 
AERO/SPACE ENGINEERING PROFESSION 


Check these editorial features in 
AERO/SPACE ENGINEERING every month. 


@ ENGINEERING ARTICLES—8 to 10 full-length exclusive engi- 
neering articles and reports on aircraft, missile, rocket, satellite, 
and spacecraft design and development. 


¢ AERO/SPACE REVIEWS—A complete review of the contents of 
over 900 technical publications, reports, and studies received at 
IAS Headquarters from worldwide sources. A five-man editorial 
staff, versed in over 12 languages, select, classify, and abstract thou- 
sands of items of prime interest to the profession. This is compara- 
ble to giving each of you a research staff to do an otherwise impos- 
sible job of reading for you. 


¢ INTERNATIONAL ABSTRACTS—This 16-page insert reviews 
technical and scientific literature of unusual and immediate value ac- 
cording to current design trends in the aero/space field. Prepared on 
IBM typewriters, it is turned over to our printer at the last possible 
minute to insure timeliness. 


¢ DATELINE WORLD—This department contains engineering and 
scientific news and reports from correspondents all over the globe. 
As an IAS member you are invited to contribute. It is an open forum 
for the exchange of engineering ideas relating to missile, rocket, air 
and spacecraft research, design, and development. 


® PROFESSIONAL NEWS—Otur news section is devoted entirely to 
the engineering professions engaged in air, missile, and spacecraft 
research, development and operations—and, of course, is widely 
read by members of the profession throughout the aero/space 
industry. 


¢NEW PRODUCTS AND LITERATURE—This 4-page insert is 
extremely popular with our readers. It is easy to find, easy to scan, 
and reports on over 100 separate items each month. 


If you have comments or suggestions 
on any of the above features and 
departments... write to Mr. Allan 
Bernhardt, Editor. We want to 
work with YOU in developing 
tomorrow’s news in the 
aero/space industry. 


ENGINEERING 
New York 21, N.Y. 


2 East 64th Street 
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N.Y., facility for use in designing and ‘‘test 
flying”’ future aircraft. 

@ Walter Kidde & Co., Inc., reports that 
its Kidde CF;Br fire-extinguishing system 
will be included in every turboprop com- 
mercial airliner now under construction in 
the United States. 


Lear, Incorporated, has opened its 
fourth regional headquarter field service 
facility at Westchester County Airport, 
White Plains, N.Y....Grand Rapids 
Division has announced the following ap- 
pointments: R. V. Paolucci, Contracts 
Marketing Manager; Robert N. Nielsen, 
Manager, West Coast Area Contracts 
office; G. Glenn Spence, Field Service 
Manager; and Charles J. Hafner, Cor- 
porate Field Service Manager (a newly 
created job). 

@ Lockheed Aircraft Corp.... Missile 
Systems Division has announced plans for 
a $7 million addition to’ the Sunnyvale, 
Calif., plant. The Division’s Space Com- 
munications Laboratory also will get an 
8,000-sq.ft. addition, nearly doubling its 
size, mainly for offices and to permit ex- 
pansion of the existent building. Leslie 
D. Myers, Plant Engineer, Georgia Divi- 
sion, has been named Chief Engineer, 
Missile Systems Division. ... Georgia 
Division has named Emil J. Docekal Plant 
Engineer. 

@ Marquardt Aircraft Co. reports it has 
proved that its XRJ59 ram-jet engine can 
fly three times around the world nonstop 
at altitudes of more than 14 miles and at 
higher-than-ever-before-achieved super- 
sonic speeds. The firm based this con- 
clusion on a continuous endurance test 
conducted at the Navy Ordnance Aero- 
physics Laboratory. 

e@ The Martin Co. has announced selection 
of four major subcontractors for the 
Army’s new solid-propellant Pershing 
missile system: Bendix Eclipse-Pioneer 
Division, inertial guidance stable platform 
and associated equipment; Bulova Watch 
Co., fusing and arming system; Thiokol 
Chemical Corp., propulsion system; and 
Thompson Products Accessories Division, 
transporter-erector-launcher. 


@ McDonnell Aircraft Corporation’s new 
research laboratory and office at Berkeley, 
Mo., consists of 60,000 sq.ft. of office space 
and 120,000 sq.ft. of laboratory space. 


e@ North American Aviation, Inc... . Au- 
tonetics Division has announced the ap- 
pointment of Jesse Y. Bowman as Project 
Manager for the USAF Minuteman 
guidance and control system. 


e@ Northrop Aircraft, Inc., has elected Lt. 
Gen. Roger M. Ramey, USAF, (Ret.), 
a Corporate Vice-President to head the 
company’s district offices. The Board of 
Directors also named Robert R. Miller 
(A) and Thomas V. Jones, senior Vice- 
Presidents with broad responsibilities in 
overall corporate management. Also 
elected Vice-Presidents were Richard R. 
Nolan and Irving Roth, both in the 
Northrop Division. 

e Pesco Products Division, Borg-Warner 
Corp., has named Donald R. Spotz Vice- 
President in charge of sales for all branches 
of this division and the Wooster Division. 
@ The Ramo-Wooldridge Corp. has 
named four vice-presidents to new re- 
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sponsibilities: Ralph P. Johnson, in 
charge of the General Electronics Group 
of Divisions; Burton F. Miller, director, 
advanced systems planning; Milton E. 
Mohr, Engineering, responsible for the 
Control Systems Division, Communica- 
tions Division, and the Electronic Instru- 
mentation Co.; and Irwin A. Binder, Man- 
ufacturing, responsible for all Denver and 
Los Angeles activities of the Manufac- 
turing Division.... Pacific Semicon- 
ductors, Inc., reports the election of War- 
ren B. Hayes as Vice-President. He will 
continue to direct Engineering, Manu- 
facturing, and Sales Department activities. 


e Republic Aviation Corporation’s re- 
cently announced expansion plans also call 
for the addition of scientists and engineers 
to the engineering, development, and sci- 
entific research staffs. New R&D labs 
will be set up for space environmental de- 
velopment, re-entry simulation and aero- 
dynamic development, materials develop- 
ment, electronics development, guidance 
and control system development, and ad- 
vanced fluid systems development. Three 
process laboratories will aid manufacturing 
R&D. In the missile area, the company 
will concentrate on new and novel con- 
cepts for strategic, tactical, and air de- 
fense missiles.... Helicopter Division 
reports that Edward D. Jergens has joined 
the firm as a pilot. 


e Ryan Aeronautical Co. reports that it 
has acquired an additional 11 acres at its 
Torrance, Calif., Division, adjacent to 
Torrance Municipal Airport. 


e@ Socony Mobil Oil Co., Inc., announced 
that it is completing arrangements to sup- 
ply aircraft at the new Leonardo da Vinci 
Airport under construction outside Rome 
and that more than 600 airports in 70 
countries and territories are now equipped 
to supply aircraft with Mobil aviation 
products. 


eR. Dixon Speas Associates have an- 
nounced the appointment of Harry 
Schmidt as Engineering Consultant. For- 
merly an Engineering Test Pilot for Pratt 
& Whitney Aircraft, he will be responsible 
for Flight Operation Studies and Operating 
Cost Analyses for turbojet and turboprop 
aircraft. 


@ Sperry Gyroscope Co., Division of 
Sperry Rand Corp., has announced through 
its newly created Field Engineering Divi- 
sion a new program said to offer rapid de- 
livery of replacements for flight control, 
instrument, compass, engine analyzer, and 
other airborne equipment, at fixed prices. 


@ Standard Oil Co. (Indiana), has an- 
nounced that its research laboratories at 
Seymour are being enlarged for the second 
time to increase its program in solid fuels 
development. 


@ Stanley Aviation Corp. announced that 
Austin Marquis has joined its staff as 
Manager of Contracts and Commercial 
Sales. He will supervise the administra- 
tion of Government contracts and assume 
responsibility for the sale of commercial 
products. 


® Thiokol Chemical Corp., Callery Chemi- 
cal Co., and General Motors Corp. have 
announced an agreement to pool their 
technology in a concentrated effort to ad- 
vance overall astronautical development 


without restricting individual research, 
sales, or production programs. 


e Thompson Products, Inc., has opened an 
office in Washington at the National 
Grange Building on Lafayette Square. 
Frank A. Flower has been appointed 
Manager and Arthur R. Christie Senior 
Consultant in the new office. 


® United Air Lines, Inc., reports that it has 
ordered a $16 million passenger reserva- 
tions system—said to be the largest inter- 
connected electronic data processing sys- 
tem ever to be built for any industry. 


United Aircraft Corp. ... Sikorsky Air- 
craft Division has moved into its new 
500,000-sq.ft. engineering wing at Strat- 
ford, Conn. 


tas News 


e@ Vard, Inc., announced that it will pro- 
duce drive systems consisting of main 
transmissions, fan-cooling gear drives, and 
tail-rotor gear drives for Hiller Helicopters. 
@ Vertol Aircraft Corp. has announced the 
election of Vice-President Felix A. Kalinski 
to the Board of Directors. Mrs. Peg C. 
Caole has been appointed Manager, Public 
Relations. The firm also announced the 
first transition flight of its Model 76 tilt- 
wing VTOL. 

e@ Westinghouse Electric Corp. has an- 
nounced the establishment of its Defense 
Products Headquarters at 1000 Connecti- 
cut Ave., N.W., Suite 1004, Washington 6, 
D.C. The division also has opened a sales 
office at Roosevelt Field, 600 Old Country 
Rd., Garden City, N.Y. 


IAS Sections 


San Antonio Section 


USAF Studies Man 
as Space Animal 


‘‘Newest Developments in Space Flight 
and Experimental Studies in Sealed 
Cabins’’ were discussed by Lt. Col. G. R. 
Steinkamp, G. T. Hauty, and Dr. W. R. 
Hawkins on June 24. The speakers were 
from the Air Force School of Aviation 
Medicine. 

Colonel Steinkamp, Chief, Department 
of Space Medicine, explained the mission 
of the school. Dr. Hawkins spoke on the 
physiological effects experienced by crew 
members in sealed cabins and described 
plans for experimental flights. The talk 
included a documentary film on a simu- 
lated 7-day space flight. 

Dr. Hauty, using slides, discussed 
psychological effects and findings on this 
space flight experiment. 


RosertT A. PERRY, Secretary 


St. Louis Section 
Fred H. Roever Elected Chairman 


A new slate of officers was elected for 
the 1958-1959 term. They are F. H. 
Roever, Chairman; A. D. Massey, Vice- 
Chairman; T. M. Bellan, Recording Secre- 
tary; R. E. Rolfe, Corresponding Secre- 
tary; and O. B. McBee, Treasurer. 

Named to the Advisory Board were 
T. W. Collins, Jr., J. F. Yardley, Albert 
Utsch, and L. I. Mirowitz. 


Tulsa Section 
Missile Scientist Favors Soaring 


W. B. Klemperer, Missiles Division, 
Douglas Aircraft Co., discussed ‘‘Soaring 
Flight—Past, Present, and Future’’ at the 
June 17 meeting. He described several of 
his personal experiences in gliding, dating 
from World War I to the present time. 

New officers for the 1958-1959 term are 
Charles E. Barton, Chairman; Jack W. 
James, Vice-Chairman; Peter C. Johnson, 
Corresponding Secretary; Allan M. Mc- 


Caskill, Recording Secretary; and Bruce 
D. Olson, Treasure. 
Bruce D OLSON 
Recording Secretary 


Washington Section 
New Section Officers 
Elected for 1958-1959 


Paul E. Garber, Head Curator, National 
Air Museum, discussed ‘*The History of 
Aviation’’ at the May 13 meeting. 

Using slides, he traced the story of avia- 
tion from mythological conceptions to 
supersonic aircraft and missiles. 

New officers for 1958-1959 were an- 
nounced as follows: G. L. Desmond, 
Chairman; B. C. Myers, II, Vice-Chair- 
man; Quinten J. Goss, Secretary; and 
Richard de Callies, Treasurer. 

Guests at the meeting were four high 
school winners of science fair awards and 
their school advisers. 


F. J. SWEET, Secretary 
Wichita Section 
M. F. Vanik Elected Chairman 
Newly elected officers for the 1958-1959 
term are Milford F. Vanik, Chairman; 
Howard W. Smith, Vice-Chairman; Ever- 


ette L. Cook, Secretary; and Harry R. 
Clements, Treasurer. 


Change of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Aero/Space Engineering. 


Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, N.Y. 
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JET AGE 
OPPORTUNITY 


... for six qualified engineers 


Excellent salary, broad responsi- 
bility, good prospects for future ad- 
vancement . . 
opportunity being offered now by 
United Air Lines in our huge, mod- 
ern Francisco Maintenance 
Base. Plus the security of a posi- 
tion in an industry not dependent 
on government contracts. 

Of the six men who are selected 
for this outstanding opportunity, 
the preference will be for those with 
the following educational —back- 
ground and experience: 


Aeronautical Engineers 


AE or ME degree and some related 
experience in flight performance 
work. Investigation of flight prob- 
lems, preparation of operation pro- 
cedures (including engine operation, 
weight and balance, and etc.), flight 
test programs and analysis of test 
data. 


Mechanical Engineers 


ME degree for work in Structures 
and Controls or Equipment and 
Systems with aircraft, factory or air- 
craft equipment factory experience 
preferred. Will consider military 
experience as engineering officer or 
new engineering graduate. 


Electrical Engineers 


EE degree with radio (aircraft com- 
munications equipment) experience 
in aircraft factory, or with Air 
Force experience on aircraft electri- 
cal systems and equipment. 


If you feel you have the necessary 
background, if you like the challenge 
of the future, if you wish to share in 
the rewards of an exciting career 
with one of the leaders in the avia- 
tion industry, contact R. W. Lac- 
key, Supervisor of Placement, 
United Air Lines, San Francisco 
International Airport. 

(San Francisco, in case you didn’t 
know, is an ideal place to live with a 
wide variety of housing available 
and perfect weather the year ‘round. ) 


UNITED 


AIR LINES 


. this is the kind of 


114 


ASI 
ENGINEERS 
& SCIENTISTS 


Here is your opportunity to grow 
with a young, expanding subsidiary 
of the Ford Motor Company. Out- 
standing career opportunities are 
open in Aeronutronic’s new RE- 
SEARCH CENTER, overlooking the 
Pacific at Newport Beach, and the 
facility in Glendale, California. 
You will have all the advantages of 
a stimulating mental environment, 
working with advanced equipment 
in a new facility, located where you 
oe enjoy California living at its 
inest. 


PhD and MS RESEARCH SPECIAL- 
ISTS with 5 to 7 years’ experience in heat 
transfer, fluid mechanics, thermodynamics, 
ustion and chemical kinetics, and 
thermoelasticity. To work on theoretical 
and experimental programs related to re- 
entry technology and advanced rocket pro- 
pulsion. Specific assignments are open 
in re-entry body design, high temperature 
materials studies, boundary layer heat 
transfer with chemical reaction, thermal 
stress analysis, and high temperature 
thermodynamics. 
PROPULSION ENGINEERS with 5 years’ 
experience in liquid and solid rocket design 
and test. Familiarity with heat transfer 
problems in engines desirable. To work 
on program of wide scope in R & D of ad- 
vanced concepts in rocket ae com- 
ponents, and for missile project work 
ADVANCED AERODYNAMIC FACIL- 
ITY DESIGNER. Advanced degree de- 
sired. To supervise work in design and in 
instrumentation of advanced aerodynamic 
test facilities such as shock tubes, shock 
tunnels, plasma-jets, and hyper-velocity 


guns. 
STRUCTURAL ANALYSIS SECTION 
SUPERVISOR with 8 to 10 years’ experi- 
ence, including supervision, in the missile 
field. Graduate degree for design and 
analysis requir Will be required to 
apply knowledge of high temperature ma- 
terials and methods, thermal stress, dynam- 
advanced hypersonic vehicles 
es, and space vehicles, 
FLIGHT TEST & INSTRUMENTATION 
ENGINEERS with 5 to 10 years’ experi- 
ence in laboratory and flight test instru- 
mentation techniques. Will develop tech- 
niques utilizing advanced instrumentation 
associated with space vehicles. 
THEORETICAL AERODYNAMICIST. 
Advanced degree and at least 5 years’ ex- 
perience in high-speed aerodynamics. 
Knowledge of viscid and inviscid gas flows 
required. To work on program leading to 
advanced missile configurations. Work in- 
volves analysis of the re-entry of hypersonic 
missiles and space craft for determin- 
ing optimum configuration. 
DYNAMICIST. Advanced degree, ap- 
plied mathematics background, and ex- 
perience in missile stability analysis de- 
sirable. Work involves re-entry dynamics 
of advanced vehicles and dynamic analysis 
of space craft. 
ENGINEER or PHYSICIST. With ex- 
perience in the use of scientific instruments 
for making physical measurement. Work 
related to flight test and facility instrumenta- 
tion. Advanced degree desired with mini- 
mum of 3 years of related experience. 


Qualified applicants are invited to send 
resumes and inquiries to Mr. L. R. Stapel. 


AERONUTRONIC SYSTEMS, 
INC. 


a subsidiary of Ford Motor Company 


1234 Air Way, Bidg. 13, Glendale, Calif. 
CHapman 5-6651 
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WILEY BOOKS 


1. Fundamentals of 
ADVANCED MISSILES 


By RICHARD B. DOW, United States Air 
Force 


A comprehensive summary of the fundamentals 
involved in the propulsion, aerodynamics, 
guidance, and control of missiles and Space 
vehicles. Stresses science and engineerin, 
principles for estimating performance, a 
covers design characteristics and functions of 
component parts of missiles and wea - 
systems in general. One of the Wiley Books 
Space Technology. 

1958. Approx. 586 pages. Illus. Probably 
$11.75 


SURVEYS IN APPLIED MATHEMATICS 


Initiated by the Editorial Office of Applied 
Mechanics Reviews. An up-to-date review of 
recent mathematical progress. 


2. Vol. I-ELASTICITY AND PLASTICITY 
By J. N. GOODIER and P. G. HODGE, 
ri 1958. 152 pages. $6.25 

3. Vol. I—DYNAMICS AND NONLINEAR 
MECHANICS 
By E. LEIMANIS and N. MINORSKY, 
1958. 206 pages. $7.75 

4. Vol. III—-MATHEMATICAL ASPECTS 
OF SUBSONIC AND TRANSONIC 
GAS DYNAMICS 
By L. BERS. 1958. 164 pages. $7.75 

5. Vol. IV—SOME ASPECTS OF ANALY- 
SIS AND PROBABILITY 
By I. KAPLANSKY, E. HEWITT, M. 
HALL, JR., and R. FORTET. 1958. 
243 pages. $9.00 

6. Vol. V—NUMERICAL ANALYSIS AND 
PARTIAL DIFFERENTIAL EQUA- 
TIONS. By G. E. FORSYTHE and 
P.C. ROSENBLOOM. 1958. Approx. 
204 pages. $7.50 


1. Conference on 
EXTREMELY HIGH TEMPERATURES 


Sponsored by Electronics Research Directorate, 
Air Force Cambridge Research Center: HEINZ 
FISCHER and LAWRENCE C. MANSOUR, 
Editors 

A useful summary of the underlying basis for 
commercial or usable thermonuclear reactions, 
with emphasis on high temperatures as they 
relate to propulsion fields. 1958. 258 pages. 
Illus. $9.75 


8. PRINCIPLES AND APPLICATIONS 
OF RANDOM NOISE THEORY 


By JULIUS S. BENDAT, Ramo-Wooldridge: 
Corp. 


A comprehensive survey of fundamental ideas. 
Includes full treatment of Rice's representation 
of random noise, and development of the im- 
portant Zero-Crossing sts 1958. 431 
pages. $11.00 


Mail this coupon TODAY for your ON-APPROVAL copies of these 
books! 


| JOHN WILEY & SONS, Inc. ASE-108 } 
| 440 Fourth Ave., New York 16,N.Y. 


| Please send me a copy of the book(s) circled below to read | 
and examine ON APPROVAL. Within 10 days I will 


return the book(s) and owe nothing, or I will remit the | 

| full purchase price(s), plus postage. I 

| City... ..Zone.. 

Oo SAVE POSTAGE! Check here if you ENCLOSE p pay- " 
ment, in which case we will pay postage. Same returo 

| of course. 
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REVIEWS OF 


. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Natural Aerodynamics. R. C. Scorer. (In- 
ternational Series of Monographs on Aeronautical 
Sciences and Space Flight, Division II, Aero- 
dynamics, Vol. I) London, Paris, New York, Los 
Angeles, Pergamon Press, 1958. 312 pp., illus., 
diagrs. $9.00. 

In this study of the physical principles and proc- 
esses of fluid motion, the author explains the re- 
lationship between the forces and the motion of 
any fluid with special reference to the behavior of 
the air in which we live. The treatment is ele- 
mentary and is intended primarily to stimulate 
discussion among students of fluid mechanics, yet 
certain chapters will prove useful to mathema- 
ticians and experimentalists in natural aerody- 
namic research. The topics discussed include in- 
ertia forces, motion on a rotating earth, vorticity 
and viscosity, boundary layers, wakes and turbu- 
lence, buoyant convection, plumes and jets, air 
waves, and clouds and fall-out. 

Mr. Scorer, who is Reader in Applied Mathe- 
matics, Imperial College, London, closes his book 
with a discussion of the philosophy of method 
employed by mathematicians, physicists, and 
geographers in their examination of natural 
phenomena. 


AIR TRANSPORTATION 


International Flight Information Manual, 
Vol. 8. U.S. Civil Aeronautics Administration. 
Washington, Supt. of Documents, February, 1958. 
112 pp. $0.50. 

A complement to International NOTAMS, this 
annual tabulates foreign international aerodromes 
and aerodromes of entry, as well as prohibited 
areas, flight corridors, restrictions, and regula- 
tions. Also included are U.S. Aeronautical 
Telecommunications Services for use in inter- 
national flights. 


CHEMICAL ENGINEERING 


Chemical Engineering Practice, Vol. 4, Fluid 
State. Herbert W. Cremer, General Editor; 
Trefor Davies, Managing Editor. London, But- 
terworths Scientific Publications; New York, 
Academic Press, Inc., 1957. 623 pp., illus., 
diagrs.,tables. $17.50. 

Contents: Thermodynamic Properties of Physi- 
cal Symptoms, R. F.  Strickland-Constable: 
Summary of First and Second Laws of Thermo- 
dynamics, The Chemical Potential as a Criterion 
of Equilibrium, General Thermodynamic Rela- 
tionships, Properties of Single Substances, Proper- 
ties of Mixtures, Available Work—Sum and Dif- 
ference Properties, Fluid Flow. The Transport 
Properties of Fluids, N. L. Franklin and F. H. 
Cass: Fluid Statics, The Flow of Viscous Fluids, 
Turbulence, Flow within Tubes and Ducts, Flow 
around Objects, Compressible Fluids. Measure- 
ment of Process Variables, Allan Pollard and T. G. 
Carruthers. Index. 


DICTIONARIES 


Dictionary of Military Terms: English-Ger- 
man, German-English. Friedrich Krollmann. 
Berlin-Schéneberg, Langenscheidt KG.; New 
York, Philosophical Library, 1957. 769 pp. $10. 

Owing to radical alterations in the structure 
equipment of modern armed forces, the language 
of the military has undergone a great deal of 
change during the last decade. In this addition to 
the internationally known Langenscheidt series of 
dictionaries, the author has tried to cover the mili- 
tary terminology of today insofar as this could be 
achieved in a pocket-size volume. Some 6,000 
terms are presented. Additional features are a 
table of common British and American abbrevia- 
tions, appendixes devoted to monetary units and 
phonetic alphabets, tables of interrelation of units 
of measurements, and equivalent ranks of the 

tman, American, and British forces. 


ELECTRONICS 


Microwave Transmission Design Data. Theo- 
dore Moreno. (Reprint of 1948 Edition.) New 
York, Dover Publications, Inc., 1958. 248 pp., 
diagrs. $1.50. 


ENGINEERING 


Recent Advances in the Engineering Sciences, 
Their Impact on Engineering Education. Pro- 


ceedings of Conference on Science and Technology 
for Deans of Engineering, September 9-12, 1957, 
Purdue University, Lafayette, Ind. New York, 
McGraw-Hill Book Co., Inc., 1958. 257 pp., 
illus., diagrs.,tables. $4.75. 

Contents: Automation and Automatic Con- 
trol: A Survey of the Field, John G. Truxal; 
The Impact on Engineering Education, Gordon S. 
Brown. Operations Research and Systems En- 
gineering: A Survey of the Field, Harry H. 
Goode; The Impact on Engineering Education, 
D. Malcolm. Administrative Problems in 
Engineering: Recent Trends in the Cost of En- 
gineering Education, R. W. Kettler. Thermo- 
dynamics: A Survey of the Field, Myron Tribus; 
The Impact on Engineering Education, Newman 
A. Hall. Mass, Momentum, and Heat Transfer: 
A Survey of the Field, E. R. G. Eckert; The Im- 
pact on Engineering Education, R. B. Bird. 
Nuclear Engineering: A Survey of the Field, 
Stuart McLain; The Impact on Engineering Edu- 
cation, Henry J. Gomberg. Solid State Physics 
and Engineering Materials: A Survey of The 
Field, J. E. Goldman; The Impact on Engineer- 
ing Education, Glenn Murphy. Computer De- 
velopment and Application: A Survey of the 
Field, Samuel Alexander; The Impact on En- 
gineering Education, J. P. Nash. 


INSTRUMENTS 


Electronic Measuring Instruments. E. W. H. 
Banner. 2nd Rev. Ed. New York, The Mac- 
ay Co., 1958. 496 pp., illus., diagrs., tables. 


This survey of the principles of electronic instru- 
ments and their principal types and component 
devices includes descriptions of vacuum and cath- 
ode-ray tubes; industrial, scientific, and medical 
measuring instruments; and radiation measure- 
ments. New features include special reliability 
and subminiature tubes, junction-type transistors, 
thermovariable resistors, waveform error, multi- 
wave voltmeters, flying-spot microscopes, portable 
radiation pyrometers, metal rectifier instruments, 
survey and combination meters, special transducer 
systems, palladium leak detectors, and electronic 
tachometers. The author has endeavored to 
comply with British standard terminology, sym- 
bols, and spelling of technical terms and quotes 
British Standards and Codes of Practice, where 
relevant. 


MATERIALS 


Causes and Prevention of Corrosion in Air- 
craft. T.C.E.Tringham. London, Sir Isaac Pit- 
man & Sons, Ltd.; New York, Pitman Publishing 
seu 1958. 124 pp., illus., diagrs., tables. 


This book was written to afford persons in the 
aircraft industry an opportunity to acquire a 
practical knowledge of the many causes of corro- 
sion and the measures that should be taken to pre- 
vent its incidence. It does not purport to be a 
learned treatise on the mechanics of corrosion, 
but rather a simple outline of a problem which 
must be clearly understood by those engaged in 
aircraft construction and maintenance. 

Contents: (1) An Introduction to Corrosion. 
(2) Sources of Corrosion in the Manufacturing 
Processes. (3) Storage Procedures. (4) The Air- 
craft in Service. (5) Causes and Prevention of 
Corrosion in Engines and their Associated Com- 
ponents. (6) Corrosion in Electrical Equipment. 
(7) Cleaning Metal Prior to Electroplating. (8) 
The Electroplating Processes. (9) Anodic Oxi- 
dation of Aluminium and Chormating of Mag- 
nesium. (10) The Metallizing Processes. (II) 
The Pre-Treatments of Metal Prior to Painting. 
(12) Paints, Enamels, Varnishes and Resins for 
Protecting Aircraft Components. (13) Non- 
Destructive Examination. (14) Aircraft Salvage. 
Appendix 1, Comparison of Hydrometer Degrees, 
Baumé and Twaddell, with Specific Gravities. 
Appendix 2, Comparison of Fahrenheit and Cen- 
tigrade Scales. Bibliography. Index. 


MATHEMATICS 


Mathematics of Physics and Modern Engineer- 
ing. I. S. Sokolnikoff and R. M. Redheffer. 
New York, McGraw-Hill Book Co., Inc., 1958. 
810 pp., diagrs.,tables. $9.50. 

A working course in calculus is the only tech- 
nical prerequisite for this introduction to applied 
mathematics, which contains what the authors be- 
lieve to be the minimum mathematical equipment 


of a scientific engineer. The nine chapters of 
text, complete with themselves and virtually in- 
dependent of each other, deal with ordinary dif- 
ferential equations, infinite series, functions of sev- 
eral variables, algebra and geometry of vectors 
—matrices, vector field theory, partial differential 
equations, the complex variable, probability, and 
numerical analysis. Some of the topics treated 
include the use of complex forms of solutions for 
linear differential equations, mean and _ point- 
wise convergence of a Fourier series, the Poisson 
and Helmholtz equations, a modern treatment of 
probability and relative frequency, effective uses 
of complex variables in boundary-layer problems, 
a discussion of Dirac’s function in connection with 
the Laplace transform, and the relation between 
differential and difference equations. 

Sokolnikoff, Professor of Mathematics, and 
Redheffer, Associate Professor of Mathematics, 
both at the University of California, have written 
the book primarily as a text for students of physi- 
cal sciences but have also included a large amount 
of material of direct interest to practicing en- 
gineers. 


Calculus of Variations and Its Applications. 
Proceedings of the 8th Symposium in Applied 
Mathematics of the American Mathematical 
Society, Held at the University of Chicago, April 
12-13, 1956; Cosponsored by the Office of Ord- 
mance Research, U.S. Army. Lawrence M. 
Graves, Editor. (Proceedings of Symposia in 
Applied Mathematics, Vol. 8.) New York, 
a Book Co., Inc., 1958. 153 pp. 
50. 


Contents: On Variational Principles in 
Elasticity, Eric Reissner. Variational Principles 
in the Mathematical Theory of Plasticity, D. C. 
Drucker. Discussion of D. C. Drucker’s Paper, 
“Variational Principles in the Mathematical 
Theory of Plasticity,’’ P. G. Hodge, Jr. A Geo- 
metrical Theory of Diffraction, Joseph B. Keller. 
Upper and Lower Bounds for Eigenvalues, J. B. 
Diaz. Stationary Principles for Forced Vibra- 
tions in Elasticity and Electromagnetism, J. L. 
Synge. A Variational Computation Method for 
Forced-Vibration Problems, H. F. Weinberger. 
Applications of Variational Methods in the 
Theory of Conformal Mapping, M. M. Schiffer. 
Dynamic Programming and Its Application to 
Variational Problems in Mathematical Eco- 
nomics, Richard Bellman. Variational Methods 
in Hydrodynamics, S. Chandrasekhar. Some 
Applications of Functional Analysis to the Calcu- 
lus of Variations, E.H. Rothe. Index. 


Operational Mathematics. Ruel V. Churchill. 
2nd Ed. New York, McGraw-Hill Book Co., Inc., 
1958. 337 pp.,diagrs. $7.00. 

This textbook on the theory and applications of 
Laplace transforms and other integral transforms 
is an extensive revision of Modern Operational 
Mathematics in Engineering, published in 1944. 
The operational properties of the Laplace trans- 
formation are followed in a natural manner by the 
operational mathematics for various Fourier 
transformations and their generalizations and by 
the theory and applications of eigenvalue prob- 
lems. A procedure is described for selecting the 
proper operational mathematics to solve a given 
boundary value problem. The applications are 
chiefly to problems in engineering and physics 
that involve differential equations, with emphasis 
on boundary value problems in partial differential 
equations. Discussions include problems in vi- 
brating mechanical systems, electric circuits, and 
servomechanisms, involving systems of ordinary 
differential equations. 

The author, who is Professor of Mathematics, 
University of Michigan, has written the book for 
students of mathematics, engineering, physics, 
and other sciences, whose mathematical back- 
ground has reached the level of advanced calculus. 


Mathematical Tables of Elementary and Some 
Higher Mathematical Functions. Herbert Bristol 
Dwight. 2nd Ed. (Reprint of 1941 Ed.) New 
York, Dover Publications, Inc., 1958. 217 pp. 
tables. $1.75. 

Differential Equations. Forest Ray Moulton. 
(Reprint of 1930 Edition.) New York Dover 
Publications, Inc., 1958. 395 pp. $2.00. 

History of Mathematics. Vol. 1, General 
Survey of the History of re Mathe- 
matics; Vol. 2, Special Topics of Elementary 
Mathematics. David Eugene Smith. (Re- 
print of 1953 Edition.) New York, Dover Pub- 
lications, Inc., 1958. Vol. 1, 596 pp., illus., 
diagrs.; Vol. 2, 725 pp., illus., diagrs. $5.00 the 
eet. 
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Jo the talented 


engineer and scientist 


APL OFFERS 
GREATER FREEDOM 
OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 


Applied P hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 
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METEOROLOGY 


Proceedings of the Polar Atmosphere Sym- 
posium, Part I, Meteorology Section; Held at 
Oslo, July 2-8, 1956. North Atlantiic Treaty 
Organization, Advisory Group for Aeronautical 
Research and Development (NATO, AGARD), 
Journal of Atmospheric and Terrestrial Physics, 
Special Supplement, 1957. London, Paris, New 
York, Los Angeles, Pergamon Press, 1958. 34] 
pp., illus., diagrs., tables. $22.50. 

Contents: Opening Address, F. L. Wattendorf. 
Introduction Speech, H. U. Sverdrup. 

Section I. Arctic Geography and Climate, F, 
Kenneth Hare. Similarities and Contrasts between 
the Arctic and Antarctic Marine Climates, R. M, 
Holcombe. The Recent Variations of the Clj- 
mate at the Norwegian Arctic Stations, Th. 
Hesselberg and T. Werner Johannessen. A Brief 
Review of Research in Arctic Meterology, A. D, 
Belmont. Discussion, 2 July 1956. 

Section II. The General Circulation of the 
Lower Troposphere over Arctic Regions and its 
Relation to the Circulation Elsewhere, Jerome 
Namias. Recent Studies on the Arctic Tropo- 
sphere and its Teleconnections, H. Flohn and G. 
Seidel. Winds and Temperatures in the Arctic 
Stratosphere, H. Wexler and W. B. Moreland. 
The Arctic Winter Stratospheric Jet Stream 
(Abstract), W. L. Godson. The Problem of the 
Maintenance of the Low-Level Anticyclonic Cir- 
culation in the Arctic, R. Fjdrtoft. Discussion, 
3 July 1956. 

Section III. The Role of Tropospheric Cold- 
Air Poles and of Stratospheric High-Pressure Cen- 
ters in the Arctic Weather, R. Scherhag. Arctic 
Weather-Forecasting Problems of the Air 
Weather Service, R. D. Fletcher. Arctic Weather 
Analysis, R. J. Reed. The Quantitative Repre- 
sentation of the North Polar Pressure Field, F. 
Kenneth Hare. Discussion, 4 July 1956. An 
Empirical Method of Forecasting 24-Hour Move- 
ment and Change of Intensity of Sub-Arctic North 
Atlantic Cyclones (Abstract), J. J. George, P. M. 
Wolff, and W. L. Somervell, Jr. 

Section IV. Solar Radiation Measurements in 
the Arctic Ocean, S. Fritz. Long-Wave Radia- 
tion and Turbulent Heat Transfer in the Antarctic 
Winter and the Development of Surface Inver- 
sions, G. H. Liljequist. On the “Arctic White- 
out,’’ S. Fritz. On the Relation Between Me- 
terological Conditions and Total Amount of 
Ozone over Tromsé, H. Johansen. Visual Range 
in the Polar Regions with Particular Reference to 
the Alaskan Arctic, J. Murray Mitchell, Jr. Some 
Problems of Meterological Observing in Polar 
Regions, N. J. Schumacher. Lower Tropospheric 
Inversions at Ice Island T-3, A. D. Belmont. 
Current Status of Sea Ice Reconnaissance and 
Forecasting for the American Arctic, C. C. Bates. 
Meterological Conditions and the Associated Sea 
Ice Distribution in the Chuckchi Sea During the 
Summer of 1955, J. W. Winchester and C. C. 
Bates. Discussion, 6 July 1956. 


POWER PLANTS 


Aircraft and Missile Propulsion; Vol. 1, Ther- 
modynamics of Fluid Flow and Application to 
Propulsion Engines. M.J.Zucrow. New York, 
John Wiley & Sons, Inc., 1958. 538 pp., diagrs., 
tables. $11.50. 

The present book is the first of a three-volume 
work which discusses the underlying principles of 
the technology pertinent to the following propul- 
sion engines: the turboprop, the turbojet, the 
ram-jet, the liquid-propellant rocket, and the 
solid-propellant rocket. Volume II will be de- 
voted to the analysis of the cycles and the per- 
formance characteristics of these engines and 
Volume III will deal with their components. The 
series is intended primarily for engineering stu- 
dents and for those engineers who, though not 
specialists in propulsion, are desirous of an under- 
standing of the functioning and operating char- 
acteristics of the engines employed in propelling 
high-speed aircraft and missiles. 

As its subtitle indicates, Volume I is concerned 
with the thermodynamics of fluid flow and its 
application to propulsion engines. Beginning with 
a review of fundamental principles and the general 
characteristics of propulsion systems, the author 
proceeds to a discussion of the thermodynamics of 
compressible fluid flow, flow through nozzles, and 
diffusers. A large number of illustrative prob- 
lems are worked completely, and the book closes 
with the tables of functions required for solving 
these problems, thus making the book practically 
self-contained. 

Dr. Zucrow has served on numerous Govern- 
mental advisory panels and committees concerned 
with missile and propulsion research and is pres- 
ently Professor of Gas Turbines and Jet Propul- 
sion, Purdue University. 


JetPropulsion. Walter J.Hesse. New York, 
Pitman Publishing Corp., 1958. 567 pp., illus., 
diagrs., tables. $9.75. 

The purpose of the book, which evolved from 
courses given at the Naval Air Test Center, 
Patuxent River, Md., is to present a balance 
treatment of the subject of jet propulsion in which 
the chief emphasis is placed on principles of op- 
eration, and concepts are developed from funda- 
mental engineering laws rather than from an equa- 
tion standpoint. A working knowledge of calcu- 
lus, physics, thermodynamics, and aerodynamics 
or fluid mechanics is required to comprehend the 
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material in the text, which also contains a wide 
selection of assignment problems, solutions, and 
pertinent appendixes. 

The author is Chief of Advanced Weapons Sys- 
tems, Planning and Analysis, Chance Vought Air- 
craft, Inc., and Graduate Lecturer, Southern 
Methodist University. 

Contents: Symbols and Units. (1) Review of 
Principal Definitions, Concepts, and Basic Physi- 
cal Laws. (2) Principle of Jet Propulsion and 
Engine Classification. (3) Aerothermodynamics 
of Steady, One-Dimensional Isentropic Compres- 
sible Flow. (4) Compressible Flow in Constant- 
Area Ducts and the Thermodynamics of Shock 
Waves. (5) Diffuser and Nozzle Flow with Fric- 
tion. (6) Energy Transfer in Turbo-Machinery. 
(7) Centrifugal Compressors. (8) Axial-Flow 
Compressors. (9) Combustion Chambers, Fuels, 
and Controls. (10) Gas Turbines. (11) The 
Turbojet Engine. (12) Thrust Augmentation of 
the Turbojet Engine. (13) The Turboprop En- 
gine. (14) High Flight Mach Number Air- 
Breathing Engines. (15) The Rocket Engine. 
Appendixes. Index. 


SAFETY 


Handbook for Aircraft Accident Investigators. 
Prepared by the U.S. Naval Aviation Safety Cen- 
ter and Issued by the Office of the Chief of Naval 
Operations. (NAVAER 00-80T-67.) Washing- 
ton, Sup. of Documents, 1957. 120 pp., illus., 
diagrs. $1.50. 

The objective of this manual is to provide the 
aircraft accident investigator with sufficient infor- 
mation to conduct a comprehensive, educated, and 
thorough accident investigation with a view to- 
ward reducing erroneous conclusions. The essen- 
tials of good investigation are explained, including 
preaccident planning, organization, and proce- 
dures at the scene of an accident. Wreckage re- 
covery and examination of damaged parts are 
thoroughly explored, and the importance of wit- 
nesses, records, and aeromedical analysis is 
pointed up. In addition, the manual contains 
numerous appendixes delineating physical equip- 
ment and methods employed in accident investi- 
gation and a small number of references to other 
literature useful to the investigator. 


SPACE TRAVEL 


Space Flight; Satellites, Spaceships, Space Sta- 
tions, and Space Travel Explained. Carsbie C. 
Adams. With the Collaboration of Frederick I. 
Ordway, III, Heyward E. Canney, Jr., and 
Ronald C. Wakeford. New York, McGraw-Hill 
Book Co., Inc., 1958. 373 pp., illus., diagrs. 
$6.50. 

Dr. Adams's book, which begins with a historical 
review of both the mental and the physical evolu- 
tion of space flight as it may be said to have de- 
veloped in the past 4,000 years, is designed to give 
the layman, the student, and the practicing en- 
gineer and scientist a well-rounded account of (1) 
the history and background of the astronautical 
sciences, (2) the many subsidiary fields that com- 
pose these sciences, and (3) detailed information 
on many of the most important world-wide de- 
velopments of astronautical significance. The 
book is further intended to offer broad coverage of 
introductory space flight material, to assess the 
present state of the art, and to present some 
glimpse of the future potential of astronautics. 

The author is President, National Research and 
Development Corporation. 


STRUCTURES 


Design of Circular Cylindrical Shells. Ivar 
Holand. (Norges Tekniske Vitenskapsakademi, 
Series 2, No. 3.) Oslo, Oslo University Press, 
1957. 253 pp., tables. 

The scope of this work, which deals with the de- 
sign of circular cylindrical shells based on the 
mathematical theory of elasticity, embraces im- 
provement of the mathematical methods leading 
from the three simultaneous partial differential 
equations of Fliigge to the actual forces and dis- 
placements in the shell predicted by the theory of 
elasticity. Beginning with the basic theory as ex- 
pressed by the differential equations of the circular 
cylindrical shell, the author proceeds to discuss in 
subsequent chapters such topics as forces and dis- 
placements in terms of a stress function, edge dis- 
turbances from the straight edge and from the 
curved edge, particular integrals, and edge mem- 
bers at the straight edge. Numerical examples 
are supplied in Chapter 7. 

he studies and investigations leading up to the 
book were made during a 2-year stay at the Tech- 
nical University on a scholarship granted by the 
University. 


For information on 
IAS Library Services 
see page 71. 


STRUCTURES 
ENGINEERS 


It will pay you to investigate 
these challenging. 
and rewarding openings 


A number of high level positions are now available in Bell 
Aircraft’s four divisions. These will appeal particularly to 
experienced structures engineers who desire an opportunity 
for rewarding progress in advanced research, analysis and 
development of space vehicles, high performance jet VTOL 
aircraft, guided missiles and rocket propulsion systems. 


SPACE FLIGHT "Dyna-Soar" 


@ Structural Loads Design 
@® Preliminary Design & Airframe Analysis 
Structural Cooling 


AIRCRAFT Jet VTOL 


@ Project Loads Engineer 
@ Advanced Structural Design Chief 
® Airframe Structural Design & Analysis 


MISSILES Advanced Design 


@ Design Criteria Specialist 
@ "Hot” Structures Design Specialist 


ROCKETS High Energy 


@ Rocket Engine & Components Analysis 


Send your resumes today to learn about these assignments 
and the unusual opportunities they offer you for rapid ad- 
vancement and professional growth. Liberal salaries and 
fringe benefits. And you'll find good living for you and your 
family with unexcelled cultural and recreational advantages 
on the beautiful Niagara Frontier. 


Write: Supv., Engineering Employment, Dept. A-53 
BELL AIRCRAFT CORPORATION 
Buffalo 5, New York 


Bell Aircraft Corporation is a member of the indus- 
try team developing the Dyna-Soar hypersonic 
glider for the U. S. Air Force. Other team members 
are the Martin Company, Bendix Aviation Corp- 
oration, Minneapolis-Honeywell Regulator Com- 
pany, Goodyear Aircraft Company and American 
Machine and Foundry Company. 


October 1958 
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Immediate 
Opportunities 


for 
EXPERIENCED 


ENGINEERS 


Live and work 
in cool, sunny 


San Diego 


DESIGN ENGINEERS 


Missile and airframe struc- 
tures. Small gas turbines. 


STRUCTURES ENGINEERS 


Analytical engineering in 
missile structures, honey- 
comb sandwich material. 


SENIOR RESEARCH ENGINEERS 


To lead applied research 
projects in high temperature 
metallurgy, physics, physical 
chemistry (not administra- 
tive jobs.) 


PROJECT LIAISON ENGINEERS 


Turbojet engine components. 
All-metal high-temperature 
honeycomb structures. 


PROPOSAL ENGINEER 


Graduate engineer compe- 
tent in planning and writing 
technical proposals in missile 
systems and components. 


These are excellent opportunities to 
rapidly advance your career. And 
you can enjoy life more while you 
progress. San Diego’s climate is the 
finest in the U.S., and the area offers 
unmatched cultural and recreational 
facilities. Solar is a medium-sized 
company founded in 1927. Person- 
nel policies are advanced, including 
a profit-sharing retirement plan. 
Send resume of your qualifications 
to Louis Klein, Dept. E-307, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, California. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
DES MOINES 
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AERO-SPACE 
PROPULSION 


Openings for aero-physicists and 
engineers at Fairchild Engine Di- 
vision on Long Island, New York. 
Facilities include Gas-Turbine 
Laboratory and Advanced Re- 
search Laboratory. 


Work is in advanced air-breathing 
propulsion systems, and special 
applications of turbo machines in 
advanced aircraft and space 
systems. 


Positions now open require 
creative thinkers with ability to 
translate theoretical concepts into 
feasible systems: 


© Senior Turbomachinery Engineers expe- 
rienced in design and development. 


@ Senior Aerodynamicists with theoretical 
and practical knowledge in super- 
sonic and hypersonic inlets and their 
controls, for advanced air-breathing 
propulsion systems. 


@ Aero-Physicists with knowledge and 
experience in thermochemistry in- 
cluding dissociation and recombina- 
tion phenomena. 


@ Thermo-aero Engineers with experi- 
ence in heat transfer applicable to 
the cooling requirements of advanced 
propulsion and space systems. 


®@ Aeronautical or Mechanical Engineers, 
preferably with MS degree and 1 to 
5 years of analytical work in aircraft 
or space propulsion systems, with 
trajectory and mission-analysis ex- 
perience. 


@ Graduate Engineers, preferably with 
MS degree, to work with senior 
engineers on analytical problems 
involving thermodynamics, thermo- 
chemistry, performance calculations, 
trajectories, mission a:.alysis and 
aerophysics. 

@ Design Engineers with experience in 
aircraft gas turbines, stress problems, 
high-temperature materials, and 
lightweight structures. 


@ Mathematicians for applied mathe- 
matics and programming in a com- 
puter (IBM 704) and mathematics 
group. 

© Senior Physicists and Engineers expe- 
rienced in electronics, pulse tech- 
niques, and high-frequency measure- 
ments. 


Qualified aero-physicists and engineers: 
send complete resume of professional 
qualifications to: 


Mr. F. Gardner or Mr. R. Harman 


ae 
FAIRCHILD 
ENGINE DIVISION 


Commack Road, Deer Park, L. |., N. Y. 


A DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION 


ENGINEERS 


Opportunities in Structures and Dynamics 
Permanent positions with Sandia Cor- 
poration, engaged in the ordnance phases 
of nuclear weapons research and de- 
velopment for the AEC. We have open- 
ve for engineers at all degree levels 
who have 2 to 6 years’ experience. 
STRUCTURES: Experience in analysis of 
systems or structures for optimum load 
paths, methods of analysis, and most ef- 
ficient and practical structure design 
consistent with applicable specifications 
and environment. 

DYNAMICS: Experience in analysis of 
systems or structures subjected to shock 
and/or vibratory loads. The evaluation 
of structures will often require use of dif- 
ferential equations and a knowledge of 
static and dynamic properties of various 
metals. 

Sandia Corporation, located in Albu- 
querque, N.M., offers excellent working 
and living conditions and generous em- 
ployee benefits, including liberal holli- 
days and vacations, retirement and insur- 
ance plans, and graduate educational aid 
program. 


Write to Staff Employment 
Section 514 


SAN DIA 


CORPORATION 


ALBUQUERQUE. NEW MEXICO 


MARQUARDT 


Professional Personnel 
Requisition 


Group Leader— 
INTERNAL 
AERODYNAMICS 


Responsible for analysis of internal 
flow problems in support of hyper- 
sonic ramjet engine research program. 
Will also be responsible for develop- 
ment of proper inlet design criteria as 
well as experimental investigations of 
inlet systems at hypersonic speeds. 
Requires extensive analytical and 
experimental inlet flow experience. 


Position is in ASTRO, Marquardt's 
research division. Small, responsible 
group. Excellent individual recogni- 
tion. 


Requires degree plus 7 years ex- 
perience. Needs strong technical 
and leadership ability. 


Contact Jim Dale, Manager 


Professional Personnel 
Marquardt Aircraft Co. 
16553 Saticoy Street 
Van Nuys, California 


VAN NUYS, CALIFORNIA OGOEN, UTAH 
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Personnel 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Engineers (Aeronautical, Electrical, Electronic, 
Industrial, General, Mechanical, and Power 
Plant), Electronic Scientists, Metallurgists, 
Physicists, Technologists—Vacancies exist for 
professional personnel in the above positions. 
Starting salaries range from $4,490 to $8,810 per 
annum. The Naval Air Material Center is cur- 
rently engaged in an extensive program of aero- 
nautical research, development, experimentation, 
and test operations for the advancement of Naval 
aviation. Personnel are needed for work on proj- 
ects involving modification, overhauling, and 
testing of aeronautical equipment, materials, 
accessories, power plants, and launching and ar- 
resting devices, and for modification and struc- 
tural testing of aircraft. Personnel are also 
needed for work involving the basic design of 
catapults, launchers, arresting gear and their com- 
ponent parts; test and development work at 
shore stations and on board U.S. Navy ships; 
evaluation of new equipment and establishment 
of performance parameters and applied research 
on the many problems relevant to this field. 

Interested persons sheuld file an Application 
for Federal Employment, Standard Form 57, 
with the Industrial Relations Department, Naval 
Air Material Center, Naval Base, Philadelphia 
12, Pa. Applications may be obtained from the 
above address, or information as to where they 
are available may be obtained from any first- or 
second-class post office. 


Engineers—-Engineers and scientists required 
at all levels for ARDC. Locations in California, 
New York, Washington, D.C., Ohio, New Mexico, 
and Massachusetts. Write to Headquarters, 
Air Research and Development Command, Attn.: 
on” Andrews Air Force Base, Washington 

5, D.C. 


Jet-Engine Exhaust Nozzle Mechanical Design 
Specialist—Responsible for establishing and 
maintaining the mechanical design and develop- 
ment of the exhaust nozzle for specific engine 
project jet engines and derivative models manu- 
factured in experimental, prototype, and produc- 
tion quantities to meet established objectives of 
performance, weight, critical materials, dependa- 
bility, cost, timing, application, and produci- 
bility. Includes technical and functional guid- 
ance and functional leadership for designated posi- 
tions. Requires B.S.M.E. from accredited col- 
lege, preferably with graduate work in heat trans- 
fer and stress nozzles and at least 3 years’ general 
engineering experience dealing with mechanism 
and machine design. Starting salary ranges 
$7,740 to $9,000. 

Many positions also open in other phases of 
advanced propulsion development, including con- 
trols systems, high energy fuels, lubrication sys- 


tems and insulation, stator engineering for as- 
signed aircraft, test programing, and implementa- 
tion, etc. Address: Mark Elwood, Jet Engine 
Department AS-1, General Electric Co., Cin- 
cinnati 15, Ohio. 


Senior Aeroelasticity Engineer—Evaluate new 
airplane and missile designs from an aeroelastic 
standpoint; contribute to the aeroelastic design 
of production weapon systems, including consid- 
erations of vibration, flutter, and static aeroelas- 
ticity. Senior Dynamic Test Engineer—Assume 
complete responsibility for major experimental 
programs including ground vibration testing of 
complete weapon systems, design and testing of 
complex aeroelastic models, and flight flutter 
testing of advanced weapon systems. Acoustic 
Specialist—Required to predict environmental 
vibration and acoustical levels in and around the 
aircraft and to predict the response of equipment 
and aircraft structure to these inputs. Design of 
vibration isolators and acoustic insulation. You 
will be supported in these activities by well- 
trained mathematicians and engineers. Send 
replies to R. J. Theibert, Engineering Personnel, 
North American Aviation, Inc., 4300 East Fifth 
Ave., Columbus 16, Ohio. 


Meteorologist—(Nuclear Hazards Experience 
Preferred.) To assist in preparing analytical pre- 
dictions of the diffusion and deposition of atmos- 
pheric contaminants; to assist in selecting new 
sites for nuclear development projects; to corre- 
late results of field diffusion and deposition experi- 
ments with the analytical methods used (3-6 

ears’ experience required). Reactor Controls 

ngineer—For analysis of reactor kinetics and 
overall nuclear power-plant control systems; 
for integration of reactor control system into over- 
all weapon system controls (5 years’ experience 
required). Shielding Engineer—For advanced 
studies and analyses on mobile shields, shield de- 
sign, optimization and testing (5 years’ experience 
required). Thermodynamicist—Heat transfer 
and fluid flow analysis for reactor systems (3 
years’ experience required). Send résumé toR.S. 
Stiff, Engineering Personnel, Chance Vought Air- 
craft, P.O. Box 5907, Dallas, Tex. 


Aircraft Air Conditioning & Pneumatics—De- 
gree in Mechanical or Aeronautical Engineering 
with 5 years’ experience in aircraft air condition- 
ing, anti-icing and/or low-pressure pneumatic sys- 
tems. Assignments entail development of speci- 
fications of new aircraft systems, analysis of sys- 
tem and component operation, and correction of 
problems by design changes or revision of operat- 
ing, maintenance, and overhaul procedures. Test 
Equipment Development—Degree in Electrical 
Engineering with 3 years’ experience in the design 
of electrical and electronic test equipment for air- 
craft components and systems. Experience in 
design of hydraulic and pneumatic test equipment 


also desirable. Responsibilities entail design 
and/or preparation of specifications for various 
types of test equipment and close coordination 
with equipment manufacturers on development 
and procurement of this equipment. Aircraft 
Interiors—Aeronautical degree with 5 years’ 
minimum experience in design of passenger and 
cargo aircraft interiors. Structural experience 
desired. This position entails responsibility for 
development, evaluation, design, and modifica- 
tion of aircraft interiors and related components. 
Send replies to J. W. Mole, Staff Manager, Em- 
ployee Selection, American Airlines, Inc., 910 
South Boston Ave., Tulsa 19, Okla. 


Engineers—The Gruen Applied Science Labo- 
ratories, Inc., has openings for highly competent 
engineers with 5 to 15 years of broad experience in 
aeronautical engineering and applied mechanics 
for work in the fields of super- and hypersonic 
aerothermodynamics and space flight technology. 
Primary consideration will be given to individuals 
capable of handling diverse problems in these 
fields. Send résumé to Thomas Distabile, Gruen 
Applied Science Laboratories, Inc., 60 Hempstead 
Ave., Hempstead, Long Island, N.Y. 


Mechanical Metallurgist—Will be required to 
perform theoretical and experimental stress anal- 
yses on high-speed rotating parts, complex pres- 
sure vessels, and hydromechanical servomech- 
anisms for jet aircraft accessory equipment. 
Will provide an opportunity to become familiar 
with programing procedures for IBM 704 and 705 
electronic data processing machines. Experi- 
mental work will involve use of such tools as 
stresscoat, bonded wire strain gages, and photo- 
elastic equipment. B.S. degree in Mechanical 
Engineering required, and graduate work or ex- 
perience in theoretical and applied mechanics 
desirable. Please send reply to Engineering 
Employment Supervisor, Hamilton Standard 
Division, United Aircraft Corp., Bradley Field 
Rd., Windsor Locks, Conn, 


874. Technical Writers—Major southeastern 
airframe manufacturer requires services of two 
experienced technical writers for work in editing, 
rewriting, publishing, and distributing data pre- 
pared by design specialists for design handbook, 
standard repair manuals, standards manual, and 
similar engineering publications. Experience on 
Government maintenance and flight manuals is 
essential; also ability to edit, clarify, and coor- 
dinate specialist’s data into a standard format and 
arrangement suitable for company-wide publica- 
tion. This is an expanding operation in the en- 
gineering division, has ample headroom; sal- 
aries are commensurate with work produced, 
moving expenses are covered. If interested, 
write for interview. 


it will be 


When you write to manufacturers 


whose advertising appears in 


Aero/Space Engineering, 


of interest to the companies 
and of benefit to the Institute if you 


mention that you saw it in 


Aero/Space Engineering 
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AERONAUTICAL 
ENGINEER 


MS or PhD degree in aeronautical or mechanical engineering, for 
analytical and experimental research and development in the aero- 
dynamic heating and heat transfer fields. Several years of 
applicable experience can be substituted for the advanced degree 
requirement. 

Sandia Corporation is located in Albuquerque, New Mexico, and 
is engaged in research and development of nuclear weapons for 
the AEC. Albuquerque is a modern city of about 250,000, with 
an excellent climate and many cultural and recreational attrac- 
tions. Summer nights are cool, winters are mild, and there’s 
plenty of year-round sunshine. Sandia’s liberal employee bene- 
fits include generous vacations and holidays, retirement and 
insurance plans, and a graduate educational assistance program. 
Paid relocation allowance. 


Write to 
Professional 
Employment 
Section 514. 


SAN DIA 


CORPORATION 


ALBUQUERQUE. 
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AERODYNAMICISTS 


EXCEPTIONAL OPPORTUNITIES ON 
CHALLENGING, LONG-RANGE PROGRAMS 


Bell Aircraft’s expansion in three major fields has 
created high level positions on advanced analytical and 
development programs. Immediate openings include: 


SPACE FLIGHT “Dyna-Soar" 


GROUP LEADER FOR HEAT TRANSFER ANALYSIS 
SENIOR ENGINEERS FOR: 
@ Gasdynamics Research 


@ Stability and Control 


@ Static and Dynamic Aeroelasticity © Flutter 


AIRCRAFT vet VTOL 


GROUP LEADERS FOR: 
@ Stability and Contro! @ Installed Engine Performance 


SENIOR ENGINEERS FOR: 
@ Static Aeroelasticity and Flutter @ Advanced 
@ Flight Control Systems 


@ Aerodynamic Testing 


Aerodynamic Design 
Analysis @ Aerodynamic 


Heating Analysis 


MISSILES Advanced Design 


GROUP LEADERS FOR: 
@ Flight Control Systems 
@ Performance 


@ Stability and Control 


SENIOR ENGINEERS FOR: 


@ Performance  @ Stability and Control 


Send your resumes today to learn about these assign- 
ments and the unusual opportunities they offer you for 
rapid advancement and professional growth. Liberal 
salaries and fringe benefits. And you'll find good living 
for you and your family with unexcelled cultural and 
recreational advantages on the beautiful Niagara 
Frontier. 


Write: Supv., Engineering Employment, Dept. A-52 
BELL AIRCRAFT CORPORATION 
Buffalo 5, New York 


Bell Aircraft Corporation is a member of the Martin- 
Bell industry team developing the Dyna-Soar hyper- 
sonic glider for the U. S. Air Force. Other team 
members are the Martin Company, Bendix Aviation 
Corporation, Minneapolis-Honeywell Regulator 
Company, Goodyear Aircraft Company and Ameri- 
can Machine and Foundry Company. 


Available 


_ 885. Technical Librarian—Experienced ip 
inaugurating and managing company technical 
libraries, preparation and publication of technical 
bibliographies, etc., in Great Britain. Desires 
similar position in U.S.A. College graduate: 
female; age 30; other language, French. Avail. 
able in January. 


883. Sales Engineering—Sales and engineering 
liaison in the West Coast area. Extensive experi- 
ence in the aviation industry involving manage- 
ment, production, engineering, and sales, as well 
as military contractural background. Good ac. 
quaintance in the industry. Résumé on re. 
quest. 


882. Aeronautical Engineer—Age 26. BS. 
in A.E. Extensive experience in administrative 
work, with a good college background in all phases 
of aeronautical engineering. Interested in tech- 
nical representative, liaison or production engi- 
neering, or similar position. Free to travel and 
willing to relocate. Complete résumé on re- 
quest. 


881. Engineer—Administrator—M.S. in Ae.E. 
(M.I.T.). Technical management experience 
includes 3 years as Chief, Research & Develop- 
ment Branch, Division of Military Application, 
Atomic Energy Commission; 2 years as staff 
supervisor of research and development for pro- 
pulsion of guided missiles; years as com- 
mander of aviation technical school; 11/2 years 
as head of aircraft overhaul and repair depart- 
ment; 11/2 years as commander of aircraft 
groups. Now a Colonel with over 20 years’ ex- 
perience in military aviation. Desires change to 
technical administrative work in industry or field 
of education. Available January 1. Current 
pilot qualifications include jet fighters and multi- 
engine transports. Age 46. Detailed résumé 
forwarded upon request. 


880. Special Assignments Engineer—Seeks 
challenging position assisting a busy VIP. Can 
assume responsibility and get things done. Ex- 
cellent on reports, keen analytical mind, and ap- 
preciates the value of the business dollar. B.S. in 
Mech. and Aero., M.S., in Aero. Work history 
begins June, 1948, as test engineer—1l year; 
commercial sales representative—l year 8 
months; research engineer—4 months; product 
application engineer—3 years 4 months; senior 
field engineer—3 years; manager and partner in 
own manufacturing business (ten men) for 6 
months. Age 33. 


879. Executive of Management Assistant— 
Extensive high-level experience in aviation in- 
dustry, in engineering, management, and execu- 
tive positions. Graduate aeroengineer with un- 
usual combination of abilities in technical, man- 
agement, and business aspects. Current in all 
disciplines of astronautics; capable of forming 
and directing Space Division, or as Assistant to 
President of Vice-President; Director of Ad- 
vanced Planning, Research and/or Development. 
Correspondence strictly confidential. 


878. Washington Representative—Expe- 
rienced (including 7 years as Washington Repre- 
sentative for large aircraft company); energetic, 
effective; mature judgment and high excellence. 
Proved abilities include sales-engineering, con- 
tracts, general business, and ethical scouting. 
Wide range of contacts. B.S. Aero. Versed in 
the latest developments of aero, missile, and space 
technologies, including AE, MHD, etc. Seeks 
major responsibility as Washington Representa- 
tive of sizable company needing improved results. 
Résumé on request. Mutually confidential. 


877. Teacher of Aeronautical Engineering— 
B.A.,M.E. Age54. Ten years in teaching aero- 
thermo-fluid dynamics; jet engines; strength of 
materials; airplane design and performance. 
Twelve years in research and design. 


876. Sales Engineer—B.S.M.E., 1948. For- 
mer Air Force Pilot Instructor. Five years in 
WADC-AMC Laboratory and project office work. 
Last 4 years with same company as top productive 
sales engineer on electromechanical airborne 
equipment. Desires position of greater responsi- 
bility and promise. Los Angeles area only. 
Please provide general job description in your 
reply. 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 
to which inquiries should be addressed. 


O 


j 
- 
pARTM 
| 
| 
©) 
“yy 
| 
| 
| 
4 
| 
is “4 
| 
j 
Gt 
this 


